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1. INTRODUCTION

apbyeaiedt

MRS (R A
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For the convenience of analysis, mooring line tension under the excitation

of wind, wave and current may be divided into a steady state component and a

dynamic component. The steady state mooring line tension is defined as the

i

PS

force induced by the mooring line geometry, gravity, average current and aver-

age wind, and the dynamic tension by wave and wind gusts. The steady state

| | " 1 iy
i it R i W 28wl
it p R b P

analysis has been treated extensively and the solution can be achieved in a

%: relatively small amount of computer time. The dynamic analysis has not been
t;r developed to the point where a locw cost computer program with good accuracy

; is available. The works of Paquette and Hendersonsz) Wilson and Garbaccio,(s)
; Reid,(u) Kaplan and Ralf,(s) Nath,(s) and Brainard(7) are typical of the

e

A

studies of the dynamic response of single point moorings made in recent years.

R bR P Y 3 AR R
zwmmwmmﬂa‘;mmmmummammmumw:fwm o T L BN A AR Y s S AT

Ilxtensive reviews of the literature on the response of various cable

systems under hydrodynamic loading are presented by Casarella and Parsons.(l)

3 ket bt ey
b A SI SN

GO AL LAy

A time domain analysis is most desirable for the solution of mooring line

hH

tension under random waves. The solution technique may be divided into two

BT eTEAT AR

types: the digital computer approach through the use of the method of charac-

S

M
MR

teristics and the analog computer approach.

(35)

The latter has been discussed in

Kaplan and Raff. The basic formulation of the field equations based on the

method of characteristics was presented by Reid(u) and Nath,(s) and a digital

b b

computer program was developed by Nath.(s)

L OIS S B SR b s YA AL
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By supplying a simulated random wave(g) as the excitation to the buoy

P system, the random stress history at any point of the mooring line can be

obtained. Based on the simulated wave and the stress history, the sutocovari-

ance function, the cross covariance function, stress peak distribution curve,

and the average frequency can be derived. However, each of the steps, i.e.

wave simulation, solation program and statistical analysis, involves extensive
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computer time. The high cost and special knbwledge requived by this method may
makc it too expensive for normal design use.

In the light of the difficulties encountered in a complete time domain
analysis, it is necessary to search for an analytical solution in the frequency
domain in order that the dynamic response of a bucy system under random input
can be performed in a small amount of computer time. Additicrally, little
knowledge oi time-series analysis is needed. However, the frequency domain
analysis is only applicable to a linear structural system,and consequently the
non -linear system has to be linearized.

The behavior of the mooring system is heavily dependent on the hydro-
dynamic drags on the surface buoy and the mooring rope. As will be shown later,
the tangential mooring line hydrodynamic drag is a major damping factor in the
response of a deep sea mooring line subject to oscillatory longitudinal motion
at one end. However, neither theoretical solutions nor experimental data are
available for the estimation of the tangential drag coefficient of a rope under

oscillating motion.

A review of the drag coefficients on the mooring rope ané the surface

buoy is presented in Appendix A.
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mooring line as shown in Fig. 1.
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i% 2. STEADY STATE MOORING LINE TENSION

= R . . R . . R

53 In two dimensicnal analysis, the steady state tension in the mooring line

.?r is defined as the fcrce induced by geometry, gravity, and the coplanar average }

i’ current and wind. This is considered the best approximation of the mean stress E

g; in the mooring line subject to & definite combination of wind, wave and current, %

.,\ 5

= and the coplanar assumption gives a conservative solution. %

i Consider the two dimensional free body of an elemental length of the 3
g
=
2
i
3

s

It

5

= EprAS wes i
- oT 7~¢,%%¢5 g
e aT =
=3 T E Y g
%1 Figure 1. Free Body of a Mooring Line Element

4 The equilibrium equations in normal and tangential directions, after neglecting

fix the second order terms, are

3 (Fpy + W sin®)sS = T a¢ (1)
5

53 and (Fyp - W cos¢)sS = AT (2)

where W is the weight of the rope in water per unit length,

-

PRI

Fpy and Fpo are as in Equation (A.2) and (A.3).

f; Treating the mooring line as a series of finite chords, the solution of
% (1) and (2) can be approximated by incremental numerical integration. The
g: computer program is presented in Appendix C.

% The program can handle the compound mooring line, made of wire rope and
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synthetic line, with instrument packages.

2

The program capacity and rate of

convergence will be discussed in Appendix C.
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3. DYNAMIC MOORING LINE TENSION

3.1 Model Simplifications

&
v o
M B G -*ﬁ&&mmmwxmmmnﬂﬂﬁ&ﬁﬁi

For reasons stated in the Introdiction,the dynamic mooring line tension

r>blem is solved using the frequency domain approach. Since the frequency

domain analysis is only applicable to a linear structural system, the buoy

system has to be simplified.

The basic assumptions of the buoy model considered in this work are as

‘ follows:

-i (1) The buoy is a surface follower buoy so that the buoy response spec-
; trum can be considered to be the same as the wave spectrum.

;% (2) The mooring line is taut and can be treated as a straight string.

3 The dynamic force in the mooring line due to the horizontal movement of the

surface buoy under the action of wave and fluctuating wind is negligible com-

eyl

pared to that due to the vert® 1l motion of the buoy.
(3) The tangential hydrodynamic drag on the mooring line, which is pro-

f portional to velocity squared, can be linearized through a principle of

equivalent linearization.

(4) The internal damping of the mooring ropes is linear and the dynamic
| stress strain relation under sinuscoidal motion is given by
: G = (El + 1E2)e
3 Depending on the material behavior under dynamic loading, the linear damping

material may be represented by several types of matnematical models. One of

R e

the models listed in Table 1 may be used to describe the behavior of mooring

J oo W i f b

lines and the models are incorporated into the solution program DYNSIN and

b

DYNRAN as described in the Appendices.
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B (5) Stress due to strumming is neglected.
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The validity of the first assumption depends on the type of buoy under
consideration. This is discussed in Appendix B. The computer program developed

for the dynamic analysis of the mooring line is based on the assumption that

RS A st e Ky NS 00, 1 Lo,

the buoy ic 2 surface follower type, e.g. discus buoy. For buoys other than

the surface follower type, a transfer function between the wave spectrum and

the buoy response spectrum has to be established before a valid result may
be expected. However, the assumption will provide an upper bound solution to
the dynamic tension of the mooring line provided the natural frequency of
4 the heave motion of the buoy is far from the effective wave frequency. In the

case of a stationary buoy, e.g. spur buoy, the dynamic tension may be con- :

By

sidered as negligible. The second, fourth and fifth assumptions introduce

RIS SN

negligible error, as discussed in Appendix B. The error due to the lineariza-

tion of the hydrodynamic drag will depend on the degree of non-linearity. The

54
Ex

ot
o

W

distortion of the result may be negligible at a low sea state and significant

gL o

at a high sea state. B

No error bound is available, and the accuracy can only be checked by

£
5

experimental data as discussed in Appendix B. ;

3.2 Dynamic Mooring Line Tension Under Sine Wave ;

A deep sea mooring line witb instrument packages inserted in it is ideal-

PO PNt § o

S T
L1

ized as Fiz. 2. ;

The equilibrium condition of the free body, after neglecting the second ’

order terms, leads to:

BRI e

30 2 E

x 1 du| du 9cu _ E

A =x 2 Cor ey |3E|° 3t - PP 2 0 (3) ]
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Fo=% Cor mDdx- g, 1381 2%
Cor= Tangential drag Coefficient
B = Rope mass + Eatrained water

Fig. 2~ Idealized Mcoring Line and Free Body Diagram of the Rope Element

. L . - 4 SU
Introducing the relation o= (El + iBy)e = (El + 132) ™

into Equation (3) and divading by AE,, then

C

320 B2 320 Cpr™Py |au| su  Pr 2%u _
—tiE S TE w R R SO (4)
ax2 1 3?2 1 1 9t2
Equation (4) may be linearized to
3%u . . a2 2
+1T—-3-C 2‘.’1—-.]2. 8_9.:0 (5)
ax2 3x2 DR ot 2 g¢2
where
Ey Ey
TS5 a2 = — and Cor is the equivalent linear damping parameter as

derived in (B.27).

Separating variables in the form

U(x,t) = X(x)-eltt (6)

where X(x) is complex, then the spatial part of Equation (5) becomes

At e b e S e ez, i oA e
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(L+37)X x+ (3= -igC_)X=0
a2 DR

This has the solution

X(x) = (Rl + i) sin @+ iB)x + (R2 + 112) cos (a+ ig)x (8)

where Rl’ Il, R2, I2 are veal constants to be determined from bovadary and con-

tinuity conditions, and

+ %

g L) - 1ol HI - el + [eppu+t T T o
B 2(1 +12) B}
L@ 0] HIE - ey + Ty s 1@ |
e g=- a DR a DR DR a (10)
- 2(1 +12) -

The vaiues of a, tand CDR will depend on the material model and the mater-

ial constants. They are ccnstants for the two parameter models and frequency

W

SREE G " “ # §
wmmmmmmmwkmmmﬂmv.w\ummmwmmm&mmwammﬁmrmmmt:u:;emm-_mqmw

2 dependent functiouns for the three parameter rodeis.

3

ﬁ The relaticn between L., B2 and the material constants for various models

3 are shown in Table 1.

E; The displacement is now

E U(x,t) = [(Rl + iIl) sin (@ + iR)x + (R2 + iIz) ccs (u-'»iB)x]elmt (11)

é The strain is

3 du(x,t) _ . . . . cps s . iwt

3 —5 - [(Rl-l-;Il)(u +i8)cos(x +iB )x- (R2+1I2)(u +iRysin(a+iB)xle (12)
and the stress is

EIRATD AP Ty oY
N

- .o o OU
. o, = (El +iE,) 3¢ (13)
Considering only the real parts and rearranging zives the displacement
(1)

U(x,t) = Alcos ot + A2 sin wt = UA(x) cos (wt + ¢l)

AR et ax P T PR e )

1




3 A
3 N
3 where 3

2

Al = RlSCx + I..-CSx + R2CCx + I2SSx _‘
A2 = - (Rl\':Sx + IlSCx - stSx + I,_}CCx) '
- 2, 29 3

Uy (Al + A, ) E

SSx= sin axsinh gx

SCx= sin axcosh £x 3

e CSx= cos axsinh 8x
CCx= cos g xcosh gx
the strain i
s: g%= B, ces wt + B, sin wt = eA(x) cos (uwt + ¢2) (15) 5
where
3 B) = (- RyatI,B)SCx+ (R, B+I,2)CSx +(R1a-IlB)CCx +(Ila+RlB)SSx ‘

B, = (R28+ Ia )SCx- (-R2u+12 B)CSx-(Ila+RlB)CCx +(Rla-IlB)SSx ‘
: ey = (3'7_43227%' é‘:‘
’ and the mooring line cension
‘ g, = C) cot wt + C, sinwt = 0, cos (uwt + ¢5) (16) Z
.‘ where _,_
_; Cl = A[Rl(ElaCCx + ElB SSx - E2B CCx + E2u S8x) ;
+ Il(-ElBCCx + EjaSSx- E,8 CCx - E,B SSx)

ety
AT )
"/

: + R2(-EluSCx + EIBCSx + E28 SCx + E2u CSx) _:
§ + 12( ElBSCx * ElaCSx + Ezu SCx - E28 Csx)] 3




(AR a1 6 A g Fu

P

AL BRSS9
Py bty fo

=1 i e O AAMG

o S s By e

i g Y b

02= —A[Rl(BlB CcCx -- El(ISSX + de CCx + E2B SSx)

+Il(Ela\_Cx + El 8SSx - E28 CCx + E, a SSx)
- =
+R2( Elo. SCx + El BCSx + ..28 SCx + E2 a CSx)

+12(E18 SCx + EluCSx + E2 aCSx - E2 BCSx)

The free body diagram of a package is illustrated in Fig. 3. The equilibrium

equation of ~he package is

. 2
~AK(oXK)XK=0 + AK+1(OXK+1)XK+1=LK+1+ Cppk %%-+ PM %;%-: c (17)
AL
Gol3H3e
Auﬂ (o;k',)xn‘gl_’"

Fig. 3. Free Body of the kth Package

where
b4p..C KA U, w
_ PHDKCK A . .
Cppx = —— 3 — @s derived in (B.23)
C., is the dimensionless drag coefficient of the kth package.

Dk

PMk is the mass of the kP package plus the virtual mass. The boundary

and continuity conditions are:

(1) Ul(Ll,t) = XO cosw t

(2) 24,U0p; * Cppy Upy = A10%)xa20 * A200%2)x020

1
o

(3) Ul(O,t) = Upl(t) = U2 (L2,t)

(4} PMUpy + Cppy Upy = Ax(0,0)y0-0 + A3(04adya-g = O

- -

(n-1} U (0,8) = U, (t) = U(L_,t)
n-1 1 n'n (18)

(2n) Un(o,t) =0
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From U_(0,t) = 0, Ry = I, =0

By using UP (t) = Uk(a,t) and substituting (14), (15) into (18), the eguation
k

can be presented in the matrix form shown on page 13, where

3
.-l
é
£
’g
<
E]
2
b
3
2
#
%

K _ .

K12 = sin “K K cosh BKL
K = cos a L, sinh g L
21  €OS oyl SIDD B Ay
KK = sin L sinh g L
11 @by ST Byly

K _
K22 = ¢Oos aKLK cosh BKLK
K

Pla = Ag By oy + Ay Eoy B¢

Py, = A E, B +AE

12 = A k Bak %
3 K
] Piy “op, "
» P}.’ES = A1 (B a1 ki §;1+BK+1 ;:l)+AK+l( 2)K41 x+1’<]§l 81<+1K§9
Pls = Mees ke Crn¥t ~Bieen 2z s B2 dies (ieaer ~Beaal )
‘ P = A1k Banbor s e E ke @i ekl
Pls = A E ke @ien’o1 et M ol Gy Bk )
P12<1 = ~(Ay Eqy Byt Ay Epp @y
Pap = = Ay Ep Oyt B By By
P§3 = Cppy®
Py, = -PM, u?
Pps = Ar1 B Brenar Txinkt 2 A Colken @ enee * Ber’a )
Ps = Ae1 B @ K+l Ky By Kyp O* A1 (Bodyaa K+1K!1(Il Bys1 20
3 P37 = Mees B et s 1K1 Bres1Kr hiy1 (Bpdyeg Brey K31 - 000 K13 )
‘ Ps = A1 B k1 ® 1a1on @ ke1¥0s e E a1 @ kea¥or * Bre Uy
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1° on-1’ IZn-l can be obtained

and the displacement, strain and stress can be computed from (1#), (15),

By solving (19), values of RJ, I R2, I2, .«+ R
and (16).

A computer program to obtain the equivalent linear damping coefficient
and solve Equation (19), written in Fortran IV and coded in CDC 6400, is pre-

sented in Appendix D.

3.3 Dynamic Mooring Line Tension Under Random Waves

The random vibration solution to a linear system has been well developed.
The random response of a non-linear system is usually treated by either lin-
earizing the non-linear system or generating a response history by means of
a simulated random loading.

The linearization technique for random vibration is much more difficult
than that for the cyclic vibration, and the accuracy can only be verified by
e.:periment. However, for reasons stated previously, a linearized system will

be employed in this work.

3.3.1 System Linearization for Random Analysis

Equation (4) may be rewritten ir the form

E 2 fo] 2 .
(L+igy B H_ 2 38,p-g (20)
1 ax? 1 9t
where
£oc 2 D" Pw o u
R 5 R, I5tl ot

U is a random variable, and E is an error vector.
The linearization of Equation (20) may be accomplished by determining the

value of CR which would minimize tne squara of the error vector E and then

deleting E from the equation, thus

C.memeDep .

T e
ZAE jugj vz uy =0

3{E2}

Y

= { [CQU -
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=3 B T P )
: and z
: o - oo™ 0wyl @y k-
3 R 2AE) {12} :
? where {+} represents the expectation. b -
% Assuming U(t) is a Gaussian process with zero mean, ensures that U is also é
3 a Gaussian process with zero mean with density function 3
u?
4 = 4
o -1 20

3 p-(U)z ————e (22)

2 V] Y2r o)
:; Substituting Equation (22) into (21) and performing the integration, gives
E . _ Cpr™Py, 5 933 (23)

= “n T T oar . T Gea

. R 2AEl ™ OUZ

i Equation (21) may also be obtained by equating the average power dissipation
3 in both systems.

‘? This discussion is so far limited to a definite point in the rope to find

3 a value of CR for the whole rope; an averaging process rust be carried out by

'f integrating over the whole length:

2 L

4 o = CppmDeey, . Jo{lu[-uz}dx

R 2AE1 L.
J {U?}ax

P )

2 L,

) "DT'"'D‘DW ] —/g oy ax (21)
E - 2AEl it L

9 2

E o<dX

o

3 Repeating this procedure allows the equivalent linear damping coefficient
for the instrument package in (17) to be represented by

_ LUN"w /8 . .

: Cop = T3 T (25;
b
i3
3 ~15-
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e 3.3.2 Solutinn Technique 2
% The spectral approach is a convenient tool for obtaining the statistics of %
E- Kl
2 the response process of a linear system under random loading. The spectral %
3 approach empleoys the equation,

E E
E E
= i2. 26) %
3 8, (w) [H(w) 2+ S (u) ( »3;
1 where g
=t ]
k; . -
3 Sy&u) is the power spectrum of the response process. 3
! :%
2 Sx(m) is the power spectrum of the input loading process. 3
3 H (w) is the frequency response function.

E: The computer programs to obtain the equivalent linear damping coefficient

; and the spectra of the rusponse quantities, displacement, strain and stress

¢ along the mooring line are presented in Appendix E.

Zf The assumption that the sea state is a stationary, Gaussian process with

E zero mean ensures that the response processes are also stationary and Gaussian

13

‘, . . . 2 LY

e with zero mean. The variances of the response processes y,g%- and ey are(‘O)

=3 2

E: ® dt

: 2 =158 (u)d ;

4 %y Jo y 40T :
:‘ ™

3 2= | 25 i ddo

% 0. z

y Jo ¥

=

bt .-2 = l‘s ( )dw

g

' y Jow y ©

F . _(10)

g and the average frequency of the response process, f , is

= o-

2 =1 Y

e fe 33 27

S y

3 The distribution of the peak values, Yps has been shown(ll) to be

iy
AT Y i Rt '| o, .
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where

n =y

2= X Yo ¥,
)
y oy

yp is the peak value of y

¢ is a bandwidt indicator. The density curve pn(n) is shown in Fig. 4 for ix

several values of ¢, »(n)

. :

e W
fusgausian bl

Fig. 4 Graphs of pn(n), the probability distribution of the heights of

maxima (n= p/oy) for different values of the width € of the energy §

spectrum.(ll) E
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pn(n) is a Rayleigh curve when €= 0, whereas it is a Gaussian curve when ¢= 1. ;
It is seen that the Rayleigh curve provides an upper bound distribution of the k
7
peak values. However, we are not interested in all peak values,but the maxi- g
4
mum peak in two adjacent zero crossings. The distribution of the maximum peak 4
:x:’
]
3 values is shown to approximate the Rayleigh distribution as follows. %
B k2
3 A zero-mean, Gaussian, stationary random signal is shown in Fig. 5. §
. ‘g
5 3
: :
3 Since we are interested in only the maximum value between two adjacent F
k= 3
Ex 2ero crossings (peak A), the peak B and peak C have to be excluded from 3
8 Equation (28). The distriburion after %
’ ?i
= %
; A & §
= ;
3 8 3
b - c’ g
J N
= Figure 5. 4 zero-mean, Gaussian, stationary random signal. §
i 3
k= 5
: &
5
E excluding peak C is: g
;: pn(n) %
3 Ppgn) = ——2—o— s 5 50 (29) E
e 1- d k|
7 Pn(n) n %
: - 3
i Considering: :
(1}

by

The random process is symmetrical about zero mean, the probability

=

of occurrence of peak C is the same as that of C°'.
(2) A peak C' accompanies a peak B,

(3) nB ?ncl

The distribution of peak A may be approximated by excluding peak C and

23
s
g
3
2
2
2
3
;%
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peak C', instead of peak B, and conservative distribution thus obtained.

X 1 -
H S ——e e - - 2 2, 30
PA.n) - [pn(n) pn( n)j; n 20 (30)
l—ZL Pn(“)dn
Substituting (28) inte (30):
1 1
4 W32 (1-2)2  x2 0 (1-¢2)T  x?
2 =2 _ X _ -2
pa(n) = (1-¢7) "eo [ ¢ ¢ 2ax +J e o 2 d}zl
V2n (1—2[ p, (ndn) =" - -
]
1 1
. -n?/2 o X2 (1-2)2  x2 (1-€2)2  x2
5 _x - X -
- (1e)? e {2){ e 2 ax + € o 2ax+ € e Zax
V2m (1—2] p,(:)dn) L - ° °
e 0O
) _n2
(1-¢2)2 e 2
S n
1-2 J p_(n)dn
n 2
[ - SR
since J pA(n)dn =1 and ne dn =
o] é‘ o J0
S (1-g2) =1-2[ P (n)dn -
L -]
This coincides with the solution derived by Cartright and Longuet—Higgins(ll)
from a different approach.
Then ﬂi
2 (31)

PA(n) =ne

Equation (31) represents the normalized distribution curve after excluding
the shaded area in Fig. 6.

From the above, it is seern that the distribution of the maximum peak values

approximates the Rayleigh distribution ané¢ is on the safe side for all values

of ¢. Therefore, the Rayleigh distribution will be used to represent the peak

stress distributicn for all vaiues of ¢ in the safety analysis.
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CHAPTLR 4. GCOSIGN CONSIDLRATIONS

The results of the previous work supgest the following critical design

A RN b it oo

features.

4.1 Damping Parameterc

The damping sources of a taut mooring line consist of the internal damping,
the tangential drag on the rope surface, and the drag on the instrument paclage.
The relative significance of the damping sources are shown in Figs.7 and 8.

The tangential drag on the rope surface is clearly a major damping source. The
]

AR S B ot e

frequency response function is heavily dependent on the magnitude of the tan-

gential drag coefficient as shown in Fig. 9. Evidently, a reliable estimate of

X,

the tangential drag coefficient is essential for an accurate assessment of the

Sy g

(e

dynamic force in the mooring line. Such reliable data is not presently avail-

able.

The selection of a mooring rope should reflect the realization that differ-

FORARTRIVATE (TR mnt Al

ent values of tangential draz coefficients will result in different dynamic

i behavior. The use of & rope with a very smooth surface may introduce a high

resonant peak.

4.2 Dynamic Force Attenuation Along the Mooring Line.

g e ST

The changes of the variance of the dymamic force along the mooring line

ot b

)
bty

are shown in Fig. 10, and the changes in the frequency response functions are

{{

SRgd

displayed in figs. 11, 12, and 13. It is evident that the higher the damping,

Yy " o

the greater the attenuation of the dynamic force along the mooring line. For

LA RN
ALt

moderate or high damping, the maximum dynamic force is <t the buoy; for low

damping, the maximum force can be at depth.

e \"“‘. 44 B u:"’,:.;d‘
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4.3 Anchor Lifting
The mooring line force at the anchor results from three sources:

by

configur-~

ation, wind and current drag, and wave excitation. The chance of anchor lifting

can be minimized by adjusting the nylon scope and the rope combination (if a
compound line is used) so that the dynamic force at the anchor is a minimum.

Another alternative is to insert special dampers on the mooring line to cause

attenuation of the dynamic motion for some distance from the anchor. The

damper should be designed so that the drag coefficient is large in the axial

mttq.emmm&wm}-&:ﬂ:wmmmmw%t.‘.:a.)a;mmmwmmm’w

direction and small in the lateral direction.
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CHAPTLR 5. SUMMARY AND CONCLUSIONS

Computer programs for the steady state mooring line tension due to geom-
etry, gravity, averare current and average wind, and for the dynamic mooring
line tension under the action of si.e wave or random waves are presented in
this report. The dynamic program is a frequency domain solution based on a
linearized structural system and is only applicable to a taut line mooring.
Specific points in this report are now summarized.

Analytical Features

The non-linearity of a mooring line originatec from three sources:
hydrodynamic drag, line curvatures, and material properties. Solutions obtained
in the time domain by using a simulated wave to generate the output history
from either an analog or a digital computer are most satisfactory for mooring
line dynamics. The high cost and special knowledge required in this method may
not make it readily available for general design use. Alternatively, the
dynamic response of a buoy system under random input can be obtained with a
small amount of computer time from sclutions in the freguency domain based
on a linearized structural system. This method is developed here. The iinear-
ized structural system has the following features:

(1) The line curvature non-linearity is neglected by treating the

mooring line as a straight string.

(2) The mcoring rope is assumed to be made of step-wise linear, viscous

material, and the loss modulus is taken to be always constant.

(3) The hydrodynamic drag is linearized through the principle of

equivalent linearization.
For a taut mooring line, the first and the second assumptions introduce neg-
ligibie error; the third may bias the solution significantly in a high sea
state. No error bound is available, and the solution can only be verified

from experimental data.
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Forcing Conditions

PRLIY:

The buoy is assumed to follow the sea surface, and the sea state is

assumed to be a stationary, ergodic, Gaussian process with zero mean. Either
a fully developed sea or an average sea spectrum is used as the loading spectrum
in the analysis input.

Based on the linearized structural system, the dynamic force can be con-
sidered as a stationary Gaussian random process with zero mean, and the vari-
ance of the process is then derived. The total mooring line force is obtained

from the superposition of the steady state force due to current and wind and

i b e o
T PR AT, S T

the dynamic force due to waves; the total force is represented by a density

)

curve. The distribution of the peakx transient force is shown to approximate

the Rayleigh distribution.

RPBTTALR Rt 9 T N

Damging

The damping force on a mooring line comes from three sources: internal

b bl ot LR PR

S L M GBS K B DT e B DO MR S0 AR R SN T Pl B S i i, Ser R,

b

damping, water drag on the rope surface, and water drag on the instrument
package. For a typical mooring without sub-surface buoy or special dampers
inserted on the line,the water drag on the rope surface has been shown to be

! predominant. The dynamic behavior of the mooring line is heavily dependent on
the value of the tangential drag coefficient. Neither theoretical solutions
nor experimental data are available for the estimation of the tangential drag

coefficient of a rope under oscillating motion. This must be remedied if a

D G A AT A A e o s rive ke T

better assessment of the dynamic behavior of a mooring line is to be obtained.
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APPENDIX A.

HYDRODYNAMIC DRAG ON ROPE AND BUOY

A.1 Hydrodynamic Drag on the Mooring Rope

A.l.1 Steady State Ilow

The drag force per unit length, F,_., exerted by a fluid of mass density p,

DN

flowing with uniform velocity V in a normally transverse direction to an

immersed circular cylinder of diameter D, can be expressed as

F_ =2

2
DN E-CDN p DV (A.1)

The dimensionless parameter CDN is largely independent of Reynold's
Number, R, in the range 100 $ R £ 5 x 10° as shown in Fig. A.1. A mooring

line has 2 x 103< R < 2 x 10§(13) for which CD = 1.2 for a long, smooth cylinder.

N
Surface roughness and strumming may raise this figure to 1.8. In mooring line

design, a value between 1.2 ané 1.8 is used;(z) for this work, C is taken as

DN
1.5. In the case where the fluid approaches the mooring line with an inci-

dence angle, the normal component of the drag force may be calculated by(L"

F =2 2 -1 2 22

oy = 5 CDNp D Vn =5 CDNOD V< sin<¢ (A.2)
'-—l '2:£ 2 2

PDT =5 CDTva Vop - CDTan V< cos‘d (A.3)

where¢ is the angle between flow direction and the mooring line.

Little data is available concerning the longitudinal drag on the mooring
line. Based on the towing tests on finite length stranded cables, Podes(l2)
suggested the tentative relation,

CDT = 0.02 CD

N
It was made clear that "The coefficient of the tangential force has not

been measured accurately, but the results with respect to thz tangential
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P

X

coefficient agree at least in a qualitative way with the result of other

(12)

experiments." This point is further emphasized when it is noted that

incidental flows, instead of parallel,were used in most of the cases where the
tangential drag coefficient was measured.
The lower curves of Tig.A.l show the theoretical results of Reid's

(13}

analysis for CDN together with some experimental data from towing tests on

stranded cables. The roughness parameter \ is defined as ratio of the equiva-

lent sand-grain diametsr of the surface roughness to the radius of the cylinder.

A.1.2 Tangential Drag Coefficient Under Sinusoidal Motion

The tangential hydrodynamic drag, which is considered to be negligible
for the steady state mooring line analysis, may be a major factor in the
response of a deep sea mooring line subject to oscillatory longitudinal motion
at an end. This response is critical in the design of the structural system and
therefore the tangential drag must be studied carefully.

The laminar boundary flow around a smooth circular cylinder under longi-

tudinal sinusoidal moticn may be obtained from the Navier-Stokes' equation(lu)

32V 1 3V _p oV d .
— = ==k, o = (A.4)
apz T or oyt 2

and the time dependent boundary conditions
V = V° cosw t atr =d4/2 for t >0

and V=0 att =0 (A.5)

(A.4) and (A.5) correspond to the heat conduction equation in a circular
¢éylinder with sinusoidal boundary conditions. The solution of the above equa-

tions are(ls)

= A cos wt + B sin ut+ C

<|<

o}

where A, B and C are functionals of Bessel functions. The detailed representation
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e
of A, B and C can be found in Carslaw and Jaeger.(ls) The tangential drag
force per unit length then may be evaluated from
FDT = qd1 = adpv (%;0
r=d/2
= ﬂdvao [%é-cosw t o+ %g-sin wt + %gﬂ
r=d/2 (A.6)
where v is the dynamic viscous coefficient. Rather than complete this numerical
ot evaluation, an order of magnitude is obtained by determining the drag force on
%{ an infinite plate under sinusoidal motion. The solution of the laminar boundary
;é flow of an infinite plate under sinusoidal motion is(lu)
S
Y(x.t) = v, e 2 os(ut —//%E-X) (A.7)
‘% where x is the distance perpendicular to the plate
i; Vois the velocity amplitude.
Then
(%¥1=0 =V /é%: (sin wt - cos wt)
=V0v/v-“zsin (wt—%) (A.8)
é Jubstituting p = l.9351b’se°2/ft&, v= 10.9 x 10°® £t2/sec for water at
% 20°C., the tangential drag force due to skin friction is
Fp = mdov vV /vi—'sin {wt - Pq—)
4 =3.30 x 107%71d V_ /5 sin(un - ) (A.9)
E
5 From (A.6) and (A.9) it may be concluded that for smooth cylinder at
% laminar flow condition, the tangential drag ccefficient is of the order of
% 10-3and is not proportional to v? but V/p with a phase difference.
(1u) and

ke
=
.
3
o
23
o
3
k>
2
.53

Surface roughness results in form drag rather than skin friction,
the drag may be considered as proportional to the square of the velocity. For

the drag of an oscillatory tangential flow on a rough surface, no theory and
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experimental data are available.

It is suggested that the theoretical solution by Reid for the case of

steady flow be used as a guide to assess the drag coefficient. Values for the

roughness parameter ) are taken as 1.0, 0.2 and 0.01;

i
e
2

the associated tan-

gential drag ccefficients, from Fig. A.l, are 0.013, 0.008 and 0.0035 for

e T G N Y

plaited rope, braided rope, and Nolaro respectively. These values are thought

e
13

to reflect the relative roughness of these ropes.

o
NG T % v

A.2 Wind and Current Drag on the Surface Buoy

i TG S

A.2.1 Physical Description of the Large Discuss Buoy

&
3
k|
=

The large discus buoy which was developed by General Dynamics will be used

(8)

for this study on the merits of its surface following property. The buoy

is 40 feet in diamecer and 7 feet thick with a flat deck and truncated cone

shaped underside.

E

The weight of the buoy, including the ballast, is about

2 x 10° pounds and the moment of inertia about the horizontal axis through the

‘\1;»"‘";

center of gravity is 7.5 x10° slug-ft2.

e

it

R P R A 1 0

The dimensions of the buoy are chown in Figs. A.2 and A.3.

4.2.2 Buoy Wind Drag

Based on the results of wind tunnel tests on a scale model, Nath(ls’ 6)

suggested the wind drag force on a 40 foot diameter discus buoy as
W2

TPARL: = _é_.. = 2 .
4 F,= 1400, = 70 Paip wa (1bs) (A.10)

Introducing o

0.00228 slug/ft3.

Then ¥

0.16 wa2 (1bs)

rkﬁf )
E

(A.11)

i S AN A T
(i &

where W_ is the ambient wind velocity in ft/sec.

i
o

The wind velocity increases with height above the sea.

AR

For a conservative

gt

picture the speed at the mast top (elevation 44') will be used in this analysis.
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sing the wind profile sugéested by Davenport(l7) 5

W 2, 1/

Lo (.Zi) o (A.12)

2 2
where a= 8.5 and 30' £ Z ¢ 800' for winds over the water,
1/
Ly 8.5
= ( = H
then (W)z=uu' o) (w)z=64' 0'957(”)z=64'
E ’ It is to be mentioned that for very stormy corditions the air contains

spray, which wiil increase the mass density and decrease the wind speed. The

T X0 4 L8
AR $ 1

spray can be considered to be the result of energy transfer from wind to the

AT ERES

ocean surface, and the total momentum flux of the wind layer near the sea

S
N

P SO NAR S o) LA AR A s

level may be reduced due to the energy dissipation in the spray generation.

Y AR

s

Therefcre, the use of a uniform wind velocity basesd on the magnitude at the top

R

ARk

of the structure may result in a safe design for the wind force, including the

> effect of the spray. However, little is known about the true effect of the

E spray.

A.2.3 Buoy Hydrodynamic Drag

Hydrodynamic characteristics of varicus buoy hulls can be found in

% Hoerner,(ls) Pagquette and Hendersons2) and Mercier.(lg) The horicontal current
:z F frag on the large discus buoy was suggested by Nath(e) to Le
b : v 2
E . - bl 2 _¢
AE FDC = 0.035 x E(uo) P,

2".:l 2 A}
22 P, Vc uy Vc (1bs)

ki
L N AR O A 1 ok

where Vc is the surface current velocity in ft/sec.
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APPENDIX B.

DISCUSSION OF THE MODEL SIMPLIFICATIONS

B.1 Surface Following Property

Under wave excitaticn, the forces acting on a free floating buoy are
buoyancy, initial force. and hydrodynamic damping. If the increment of buoy-
ant force is much bigger than the increment of initial forc2 under water undula-
tion, the buoy will follow the water surface closely, and the surface follower
buoy is named as a result of this phenomon. The huge discus buoy is a typical
example of this type. On the other extreme, if the ircrement cf buoyant force
is much smaller than the increment of initial force, then the buoy will not be
disturbed significantly by the wave and will thus remain stationary. The spar

buoy is a typical example of the stationary type. OCther types of buoys fall

between thesc two extremes.

The wave spectrum measured from a free floating wave meter (FFWM) when
compared to that from a slack moored large discus bucy by Gaul and Brown,(20)
indicates that the discus buoy behaves much as the FFWM at frequencies up to
%-Hz.

Corparison of these spectra is shown in Fig. B.l. The increment of moor-
ing 1ine tension may restrain the buoy metior and hence disto~t the responce
spectrum. However, the increment of mooring lire tensiun is usually small
compared to the increment of buoyant force for the discus buoy.

Tig. B.1 supports the assumption that the buoy respcase spertrum can be
consicered the same as the wave spectrum for design purposes.

It is suggested that wave spectrum be truncated at a frequency of 0.35
for the large discus buoy. For smaller surface follower buoys, the effective

frequency range may be extended.

The computer program developed for the dynamic analysis of the mooring
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Figure B.l1 Comparative Wave Spectra from FFWM and Monster Buoy.

line is based on the assumption that the buoy is a perfect surface follower.

For bucys other than this type, a transfer function between the wave spectrum

and the buoy response spectrum has to be established before a gcod result may

be expected.

However, the assumption will provide an upper bound solution to

the dynamic stress of the mooring line provided the natural frequency of the

heave motion of the buoy is far from the effective wave . frequency.

In the

case of a stationary buoy, the dynamic force may be considered to be negligible.
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B.2 Straight String and Horizontal Buov Motion

The mooring line does not remain straight under the action of ocean current.
The sag will depend on the magnitude of mooring line tension and the current
velccity., The effect of lateral loads on the dynamic force of a vibrating

stretched string is investigated here.

Consider a stretched string with normal lateral loading q(x) as shown in

“ ':‘ig. B.2.

: Ustd) +U, Siadt

3 T wsiot

B

3 ; .
ﬁ ) | JACGx+5283)
4 m 1 29

1 =) 41y %x)45 %c}r 55 4s
- -] & x

; : E

] Adx

b x.U

jan

4

, Figure B.2 Vibrating Stretched String Under Lateral Loading.

b from equilibrium consideration in the x and y directions,

,'A:‘_ Ac_cosé-Afc_+ o AS)cos{p+ 3¢ 88)+ maSU +q(x)aS sing = 0 (8.1)
3 X X' 3S as

= and

2% Ao_sin¢-A(c_+ EEE-AS)sin(¢+ 22-AS)— masy ~-q{x)A3 cos¢p = 0 (B.2)
3 X X a5 3s

’ For a prestretched string, the longitudinal displacement U can be divided
f: into a static component, Us(x) = eX and a dynamic component, UD(x,t),

P

G

U(x,t) = Us(x) + UD(x,’.:)

a
n'

- where ¢_ is the prestretched strain.
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For a deep sea, taut mooring line:
g >> Us(z) >> U

(31)
4

D

Vo x UO/

£g is of the order of 0.1.

: au
E - sgg-and %%- are usually of the same orde: and much smaller than eg except

dadipn

at resonance frequencies. However, a resonance condition is not likely to be

developed due to the internal and external dampings. Based on these, the

T

following approximations are made:

.
LYY

AS =8X
sin ¢ = ¢

A cos ¢ =1

_du 1 ,3v,2 _au - . . .
€= = + 5—(5§9 = s € 1is the axial strain of the string.

After neglecting the second order terms, Equation (B.1l) and (B.2) may be
rewritten as:

J ; 2 2

? 9 UD 1 3 UD - q(x) v (8.3)
i 2 2 32 AE X *
: t

=t - —— e (B.4)

where a? = E/p ; p is the mass density.

Equations (B.3) and (B.4) appear analytically intractable. In order to see

the effect of the term gégl-%g- on the solution of UD’ an approximate soluticn

L TR T N

is presented.

W A

The equations of longitudinal and transverse small amplitude vibrations of

a stretched string without lateral loading as deduced from Equations (B.3) and

(B.4) are

-41-
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ox2 b2 3t2

3 ™ is the effective mass per unit length,

B3

where b2 =
T is 1= pretension in the string.

The solution of Equation (B.5) with Loundary conditions:

UD=0 atx=0
UD=Uosmwt at x = £
Uo w
is U, + —— sin —x sinuw t
D .. wl a
s:.n-;

The solution of Equation (B.6) with boundary conditions:

v=2~0 atx =20
V=V°sinwt atx = %
is
vo w
V=—.—-‘;’T s:.nsxsmut
Sp

Using (B.7) and (B.8), then

3UD
X

b %
ax2 a w2

Introducing (B.9), Equation (B.4) can be reduced to

%y 1 %V _  q(x)
w2  (WPa)p? a2 AE

which has a solution

PP R S oun e S o - ST e = fs =
ST IO P R A R R DS YN e e A A O NN

(B.5)

(B.6)

(B.7)

(B.8)

(B.9)

(B.10)
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sin & x sin wt - (x)
sin g % sin pt ~ JJ SKE_' dxdx + Dlx + D2 (B.11)

and the constants Dl and D2 can be determined from

1]

v=20 at =0, t=20

0

v=0 at x 2, T

Using Equation (B.11) in (B.3) gives
2 2 )
20y 3 U g0 |V
ax2 a2 at? AE

WX s [ alx)
cos =g sin wt J AE dx + Dl} (B.12)

lzilteo wie

o
sin

For a special case where q(x) = q, = constant

q
- 3 2

D) = * A

D, = 0

and Equation (B.12) reduces to

32u 32U q v £ qax q
UL P S SRR
X a 9t sin =—
B

which has a solution

- . sin ) r -
UD = (Cl sin 7% + C, cos 3 x)(C3 sin\ t + C, cosA t)

w

V. 3 q 2 qx2

+ ooB cos % sing t - x3 + ——;—T (B.14)
B

a? B2

The last two terms in (B.1%) involve only spatial variables. They may add to

the static component and be neglecteu in the dynamic analysis. With this in

mind and letting
w
%8 (B.15)

2 2
- Q:JAE sin 9%

B2 a¢
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Then

UD(x,t) = (Cl sin

>

A .
x + C2 cos S x)(C3 sin At + Cq cos At)

+ Q cos %-x sin pt (B.16)

Introducing the boundary conditions,

(1) UD =0 att =20
(2) UD =0 atx =20
(3) UD = UD sin wt at x = ¢

Allow Equation (4.30) to be expressed by

U
[o] o W w
U_(x,t) = sin —- % - Q cos— x
D e W R wl a a
sin = 2-Q{cos 3~ " cosg )
+ Q cos X | sinw t (B.17)

B

Comparison between Equations(B.7) and (B.17) indicates that the effect of
lateral loading on the dynamic force of the string is negligible if Q<< 1. On
the examination of (B.16), it is seen that Q is usually less than unity by
several orders except when sin §&-+ 0. This is the condition where the trans-
verse resonance occurs, and the solution based on small amplitude vibration
does not apply.

In the case of a deep sea mooring line, the interaction between water and

rope will damp the transverse motion and the effect of the lateral loading may

be considered to be small for all conditions.

B.3 Damping Linearization

Based on the principle of equivalent linearization,(zl) the solution of a
non-linear equation
MX+ KX+ uf(X,X) = 0 (B.18)

may be approximated by the solution of an equivalent linear equation

~4y-
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M'>E+(1<+Kl)x+n'(=o (B.19)

3]
o)
o
=3
1
o
¢

o
3
€

The equivalent parameters Kl and A are obtained by equating the work per

cycle for the two systems. The magnitude of the ersor depends on the linear-
)

et i RN

2 2 21
ized quantities (%ﬂ and (%9 and is of the order of magnitude of uz.( In

general, if uf(x,i) is small compared to M X and X X, the error will be small.

The parameter ) is obtained by equating the active compiments of energy in both

systems, Kl by equating the reactive components. Assumiig

X = acos (ut +¢) (B.20)
A and Kl have been shown(zl) to be
2n
A= ;%;-J f(a cos ¢,~ a wsin ¢) singp d¢ (B.21)
0
. 2 :
K= ;%- J f(a cos ¢,- a wsin ¢) cosy d4 (B.22)
where wls %

The equivalent linearized damping coefficients of the hydrodym/mic drag
on the instrument package and the mooring line are derived as follow:.

(A) Instrument Package

The hydrodynamic drag on the instrument package is

l . o— . . “
Fop = 5 Con prlxl X =ulX] X=X
where CDN is the dimensionless normal drag constant

A is the projected area of the package on the plane perpendicilar
to the motion.

From (B.21) and (B.22)

i

37 Pw CDN Aauw (B.23)

A

K, = 0 (B.24) -
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The magnitude of error will depend on the weight, volume, and geometry of

the package. It will be smaller with a slender current meter compared to a

glass ball. When the water drag on the packages are not the major system

damping force, the linearization technique may be applied to all packages

without excessive solution distortion. However, the arguments only provide a

guide for subsequent employment of engineering judgment and the accuracy may
only be checked by comparison with experimental results.
(B) Mooring Line

The hydrodynamic drag on the mooring line surface per unit length is

. 1 oy s o s .
given by Fo = 5 Cp. A pwl)(l X = u|X| X=A X where

CDT is the tangential drag coefficient

A = 7D is the surface area per unit length.

From (B.21) and (B.22)
4 prDT-D°w a

A= 3 (B.2

K, =0

1 (B.26)

Normally A=x (x).
However to ensure an analytical solution to the linearized equation, A has to
be assumed constant for the whole section of the mooring line. This equivalent

coefficient is obtained from the balance of energy dissipated in the whole

section of the mooring line in one cycle; this results in the equation

LT .. L(T Cyp ..
IJ(AX)thdx=JI(—2—pw m [X] X) dt aX
0° 0

o’o
L
giving 49, Co Do J a3(x)ax
o
A= 3 T (B.27)
J a2(x)ax
0
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The tangential drag is usually very small compared to the inital force
and the elastic restoring force; because of this, the method-of equivalent lin-

earization usually achieves good results.

B.4 Internal Linear Damping of the Mooring Line

The areas of the hysteresis loops under cyclic axial tension of the nylon
ropes have shown that the internal damping iz not linear. When the internal
damping is a major damping source, then the non-linear damping may be linear-
ized by using a stress dependent ioss modulus. The problem may then be solved
by an iteration process. Usually the effect of the intermal damping is rel-
atively small compared to the hydrodynamic damping; therefore, only a rough

estimate of the loss modulus is used in the solution program.

B.5 Strumming

Little is known about mooring line strumming and its effect. The purpo-.
of the assumption of neglecting the effect of strumming is to simplify the

problem so that it can be handled analytically. However, the effect of the

small amplitude transverse motion has been shown to be negligible in the mooring

line dynamics, and it may be expected that the strumming will stay in the small

amplitude region pecause of the damping forces and the irregular profile of

the ocean current.
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APPENDIX C.- Program STEADY

C.1 Purpose

To solve the steady state mooring line tension under the action of wind
and current.
C.2 Program Logic

The Program starts with the estimation of the inclination angle of the top
segment. Knowing this and the horizontal drag coefficientsin the buoy and the
mooring line, the force of the top segment can be calculated and the position
of the end of the segment is determined given the stress-strain relationship
of the mooring line. According to (1) and (2), the force increment AT and the
angie increment A¢, then the end position of the second segment can be
determined. In the same manner, the forces and end pcsitions of the successive
segments are determined. If the vertical position of the anchor thus obtained
does not fall close to the water depth within a pre-set tolerable limit, then
the inclination angle of the first segment is revised and the calculation is

repeated. The iteration process repeats until a satisfactory solution is

achieved.
C.3 Notation
(A) Input
NLK Number of cases
K Number of line sections
DB Current drag coefficient on the buoy; the drag force
= CDB* VCZ; Vc is current velocity.
CDW Wind drag coefficient on the huoy; the drag force
= CDW* szg Vw is wind velocity
CDT Tangential hydrodynamic drag coefficient on the rope; the

-_]; eTe N 2 3
drag force = 5 DW'CDT T D VCT per unit length.

—48-

T F N AT

3 T o e A T
or S LB AL Mwmemmwmm.»mumm..zmmmwmmmuwm:mmmmmmmmmmmmmmmnmmm A A A S TR0 VLR AL R T e

%&lmmmm;m»zcr.m.».nlMmm&mmmmwm b IS i S



=
%

=
=

AL

R
L o pd e
RN SV Bl

DS Ny ol

T

T

e

o AR

AR

CDN

vco

LP

WP

CDNP

CDTP

SA

DEPTH

ERR

HS

UFA

DIA
UF
UWT

ZPERM

MC
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Normal hydrodynamic drag coefficient on the rope; the
drag force = %’pw CDNe D 'VCNZ per unit length.
Surface velocity of the ocean current with zero wind
velocity, in knots.

Length of the package, in feet.

Weight of the package, in pounds.

Normal hydrodynamic drag coefficient on the package; the

drag force = CDNP VCNZ; 1b.-sec2/ft.2

Tangential hydrodynamic drag coefficient on the package;

the diag force = CDTP VCTZ; 1b.-sec?/ft.2

Length in feet of the small increment of the rope considered
to be straight. It must be a common factor to all line
sections.

Water depth in feet

Tolerable error. The aliowable difference between the water

depth and the anchor depth is ERR X DEPTH.

Significant wave height in feet.

Average ultimate strength of the synthetic ropes in pounds.

Length of the rope in feet

Diameter of rope in inches

Ultimate strength of the rope in pounds.

Weight of the rope in water in plif.

Permanent strain of the rope at station (due to the anchor
weight)

Material code: MC=0 for fiber rope, MC=1 for wire rope

Interval of the line increments for output printing.
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OQutput

X,Y Herizontal and vertical axis with the origin at the buoy

in feet.

: C.4 Remarks
g (1) The stress-strain relationship used in this program is:
2 = 0.171 Exp(- 2-2222) + ZPERM for the nylon line
g and Z = 0.0115r + ZPERM for the wire rope
where Z is the stwain

r is the ratic of the force to the dry ultimate strength. The program
should be modified for other stress-strain relationships.
(2) The convergence rate of the solution depends on the stress-strain

relationship and the initial angle correction function. If the stress-strain

relationship is changed, it is desirable to revise the correction function for
a faster rate of convergence.
(3) The program capacity is limited to 20 line sections and 1000 incre-

ments. The core stonage needed for this program is 40 K. The number of line

N oty e L AR I AL R N 7 A dA A A Al SR R R AN s St AR R

sections and increments can be enlarged by changing the program aimensions.

i3 el

UY) For a typical deep sea mooring with 300 line increments, it takes

3 or 4 seconds in CDC 6400 to obtain the results.

(5) Output information is self-explanatory.

C.S5 Program Listing
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PruGrAM STEADY (InPUTsVUIPUT s TAPED=INPU T s TAPESG=VUTIUT)
DIENSTUN rh](luuZ),l(1uu1)9A(luu1)’Y(luul),n(luul):L(lcu1)9mc(2U)
1oL (20) sUFE20)sDIAL2U)sURT(20) 98P 120) 9P (211 95T(1001) 917 (20) 2CUNF L2
1,)sCDIP(2v) 9 ZPERN(20)
REAL  LoelLLobLPsLS
14 FORMAT (2v14)
11 FORIGAT (5FBevsla)
12 FURMAT ( 4F8eu)
13 FORMAT (4F6eV)
14 FORIAAT (5F6ev)
15 FURMAT (2¥Bey)
READ lus tLKsX
PRINT 21» NLKsK
21 FURMAT (% NLK=%y 4% n=%,14)
KEAD 14s CDBsCLWICDTCDIVIVCL
PRINT 24s CDBsCDWoCDTIsCLUNIV(Y

24 FURMAT (% CoB=%sEluess® CUOW=%9sE1Ue3s* CDOT=%3E10e39*
1l CDill=%9Elueds* VCU=% st lved)
KEAD 13y (LP(I)swP(I)sCONPLT)sCDTP(I)s 1=19oK)
PRINT 23 _
23 r RMAT (% Lrel) Ry (]) *sXCONP (T %y ®¥CDTPLI) X
1 1%}

PRINT 33 (LP(I)sWP (1) sCONPLI)IsCDTP{T)ols I=1on)
33 FORMAT (4Fluede[1U )
DO 2uvvi  nNL=1sNLK
READ 12 SAIDEP THeERR
PRINT 229 SASDEPTHeLKK .
22 FOURMAT (itils® S5A=%3Fvel" DEPTH=FsF Telo¥ ERRK=%9} beD)
READ 15 "HO9UFA
PRINT 2%s HSSUFA

25 FURKMAT (¥ HO=%sFb4els™ UFA=%sF842)
NEAD 1ls (LE1)sDIACIIsUE(T)sUWTT ) sLPERMIT)oClI}s TI=10N)
PRINT 28 : .
28 FURMAT (% L) Lk Nl VIACT) * g% vb(1) bl Lai
1(1) gk ZPEx( 1) LR Mo i) *gx 1%)

PulnT 38 (L(I)aDIACI)sUT I sURT () o PERMIT)omC{L) o1 I=1sN)
38 FORMAT (58146392110

READ 1GCsnNN

DO 45 [=1»K

LIALTI)=D1A(1)/7120
45 COnl INuE

wily=1

DO 5v I=1sK

AP (1+1)=MP L) +1IFIX(LIT)I/0A) +1
LU CONTINUJUE
CALCULATE INITIAL ARGLL

LL=ve

DO 3.v J=19K

IF (MCtJd)ebtel) OU Tu 3uu

Lis=ll+L (V) {letlPLisin( V) )
3.u CONTTHUE

Liai.e

DO 31. J=19sK

IF (MC(J)eEGau) GO TU 3iv

Lozbo+l (J) R {1le+srPERALUN)
31¢ CONTINUE
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C

la¥aNa)

i)

ONfT

[CENY)
» N

93v

G5

955

T

o-LL#L O
JLubbzlu/ e in-Lo)
A= WDEPT /0L
Cl=elll i,
LL=hLOGLLL )
RA=..4~819/4L
FV=RA¥UFA

KnUl=1e66887 FPo

IF (HLOelLelbe) GO TU s2vu
Viezl12e93RLunRT(H) LeYhT
GU 7O 336
VA=246%{11L+He8)*0Ue957
VC5={VCO+4.23%VW ) %] ,68887
AF=CHREVACABO(Van ) +CDBRVCS ¥ AL S (VIS)
R(l)="o
Lil)=va
KlYl)=ve
T(l)l=ve
ol li)=ve
F(l)=u.
N=v
PHI(1)=Ve

{DDz‘J.

al(2)=ATaN 7E V)
el |8 Iotubk=1

ti=11F
Pl ol 11ls FrlI{2) el tisYUUsY (i) s LLoTUuP a2
FulitAl (4E15%659214)
Fvy=aFH/TARIPHI ()}
FL2)=00RTIFUHRFH+FVEFY)
KO=v
00 1ol J=19K
=ml=itP(U)+1
M2zt (JU+1)-1

vl 735 1=M1aM2
RO =F(1Y/UF(J}
Ry=r(1)

IF (M1 J)e[Gel) Guv TU Y590

OIREOL~O0TRATW SELATIUNOHIY Fonn nYiLun aurg

A l)=v:,171*{:/(}'(—\/.\481')/":0)
lou=Z(]) +LPERIMLI)
GO 10 655

SIRELL=OTKRALIN SELATIUNOHIY Fun wldk  KUPL

L1])=veulld®K(]) b LB=L1) #LFE i)
Sinb=LIN(PHICLY)

CuoLP=0si’dItiy)

LDBELAX( 14 +213)

T{1)=0T(I-11458

SUA=5HB*L [P

JBY25RXCOOP

XCirsX{i=-1)+508X

Y{I)y=Y(UI=-1)+l0Y
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CURRENT PROFILLE

~

YN=Y(])-eDXESBXCOULP
YM=YN/32420~1V,
IF (YMeGEeve) GO 1V 513
VC=VCS
GO 10 51%
513 VC=VCo/YMK#q4
51% vCN=VC*COLP
VCT=VCHSINP
N=DIA(JY/OWRT(1e+28)
FCON=ORXDECONFVCN®XABL IV iv)
FCOT=LUB#341416%¥D<CDTHVCI®ABLIVCT)
FII+1)=FUI)Y+FCDT-SARUNT(J)RCuLl
FAV=AT{I)+F(1+1))/2
PHII+L)=PHI (D) + (FCUN+OA™UR T (VY=L 1w ) /FAY
935 COMTINUE
9iL,u I=iP{J+1)
RUEI)=u,
L{])Y=v,
CINP=SIN(PHI(I)
CuLP=COSIPHI(I))
X{1)=X{I=1)+LP(J)*SINF
YOI)=Y({I=1)+4LP(J)FCUSP
ST U1)y=LT0i=1)+LP ()
IN=Y([)—eDRGU%CULGP
TM=YN/3428=10
IF (YMeGEeve) U TO 613
VC=V(S
GO TV 615
613 VC=VCo/YMER 4
615 VvCiN=V(*COoP
VCT=vC*S5Ihe
FCOR=CDNP(J)®#VCNFABS(VIN)
FCOT=CDIPUUY*JYCTX,ABSIV(CT)
FUI+1)=FLI)+FCDI-wP(J)*CusP
FAV={F(I)+F(141))/2
PHI(I+1)=2PHICI Y+ (FCON+wP (J) 25 ) /FAY
1vie CONTINUE
N=N+1

INITJAL ANGLL CURRECTIUN

YO=Y({M2)~DEPTH
YOD=YD/DEPTH
YDA=ABS(YLD)
IF (YDA.LL. ERKR) GO TG 1vl
IF (NeGEslv) GO T0O 1lui}
YE=le-YDA¥%( 4,25
IDC=YDA#*YE
PHI(2)=PHI(2)%(1«+SIGNIYDCr»YDO)}
GO TO 156

1vl IF (KDefQevi iS5TOP=M2
PRINT 2ty NoYDeCOPESDEPIH

2o FUKAAT (Inile®THIL To THE Xtoutls AT ITERATIvIv nUMBER=X, 4%

AN N KNt o ¢ty
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RRYEN ¢ RUTYCIN
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LIl oCurL=tsl bets?® wATLR DEFTH=*oFUec////

N g . _ :
Pt A Ltnuln",6x,*rvK£L*oaxy*bumat/u.r.*,ox,*Lu

19X9“X*9IQKQ“Y“’9X9*ELVN. e
TUNGAT IO 95X s 2ol Tu Y*a9Xs*1¥) _ ‘
c Il 3t (X(l)9((l)’JT(I)’F(1)9K(1)’L(I)9PHI(I)9I: =229 15Tur s
FICIHT 3¢ X(MZ),Y(MZ),51(m2),F(mz),K(mz);g(MZ),PHI(MZ),mz
2, FURMATL/ELDaGs L)
26 .u COonT IRUE
STuP
t NV

FXAMPLE Wi DATA  INPUT
1 3
G4, velb uUe~ubd leD vab
4D 3ve el 0264
4»9 Zve 2ol 0264

e “e Ue Ve
3 150605 PRIV,
Je 530 .U
Jue le3 H3%uve Velb3 Ve G
885Ce 1e® 5300ue velO2 Use 0
21U leo 53ULUe vellOD3 Ue V]
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APPENDIX D. Prnogram DYNSIN

D.1 Purgose

To obtain dynamic mooring line tension under sine wave.

D.2 Program Logic

The program starts with a set of assumed equivalent linear damping coeffi-

cients to solve (19) and obtain the response quantities. The corrected

damping coefficients are calculated from €B.25) and (B.27) and then compared

with the assumed values. If the differences are not within the allowable

1limit, the new damping coefficients are introduced and the program repeated.

The convergence is ensured because a higher damping will result in a lower

velocity response; and a lower damping, a higher velocity response. The
coefficients converge rapidly.
D.3 Notations
(A) Input
NLK  Number of cases
K Number of line sectins
E Material elastic constant (see Table 1.) in psf.
EO Material elastic constant (see Tabie 1.) in psf.
Q Material visco-elastic constant (see Table 1.) in foot-

pound-second system
L Length of the line section in feet.
DI Diameter of the rope in inches
Z Mooring line strain under steady state tension.
RO Mass of the rope (including the entrained water) per unit

length in slug/ft.
FM Mass of the package (including the virtual mass) in slug
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LP Length of the package in feet

CD Hydrodynamic drag of the package acting in the axial
direction

MC Material code: MC = 0 for fiber rope; MC = 1 for wire
rope

MM Material model code: MM = 1, 2, 3, 4 (see Table 1.)

HS Significant wave height in feet

XINCN The length of the nylon line in which the variation of the
velocity amplitude can be approximated by linear rule.

XINCS Same as above for wire rope

CDT Tangential hydrodynamic drag coefficient on the rope
surface

UAP  Assumed linearization factor of the water drag on the
package

DCR  Assumed linerization factor of the water drag on the
rope surface

(B) Output
UA Displacement amplitude in feet
SIGMA Mooring line force amplitude in pounds

LT Total length of the mooring line from the buoy in feet
I Index

D.4 Remarks

(1) The number of line sections is limited to 10. It can be enlarged
by changing the program dimensions. The program requires a core capacity

of 60 K.

(2) The program handles four types of material models as listed in
Table 1.
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(3) Virtual packages may be inserted in the mooring line.

(») It takes a few seconds to obtain the results of a 3-section moor-

ing line with a water depth of 10,000 feet (compilation time

i excluded).
?é D.5 Program Listing

o

BRE S IO

oo iyt ot g

mnwmwm‘wmuW’ iRy
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FRJORAM DY aSIN{InvPUT suwUTPUT s APES=INPUT 9 TAPLO=VUIPUT )}

DIAENOTUN A(38938)sL1UY DICIVYenv{]U)sL(ludsbmli]lu)s okF{10)
IAELIU) 9055010 )95C1u) 9Colau)sCClI0)saR(10)sWLP 10820100 Lite
10) sUALGBUY 9MCL1U) osBlAU) s DIGHAIGU) st ST10)sLP(10)9w({10)sCDI10)sALFL10
1)oBFETLIV) sdW(IU)sWETTU) sAEAL LV s ALB(TI0)Y s AWA(10) sAWB(10) 2UAPL10)
AW 1) o CDY LU o Dl 1C ) sUAPC L Lv ) s UAF LI 10) o DO LU s DCKCU10) sDCO(10)
LoifM(10U)sEv(1U)ginC(1U)

REAL LaLlTlolLDslLINCKeLF LD
READ 1lUs LK

1. FUKMAT (i4)

DO 6UVL  NL=1sNRLK
READ 1vs K
KD=K=~1 > KpbL=K=2
NRB=4*K-2
NCB=NRSB
READ 1Zo(E(I1oFul(I) ol I)ol(I)oDI( ) ol )osRULT)orm(I)stP(])sCDIT) s
1CCI)odibi( I} I=19K)

12 FUORMAT (3FluevsTFbevus2l4)
PRINT 32

37 FummAT(lHloBXy*E(I)*s?Xo“EO(I)“’bx,*u(l)*97X’*Dl(I)*96X9*£(1)*97X9
1RO T )% 96X LIT) s TXe kP ] 1P 96X s FuP (I )’ 96X e*CDI1 )} *e3Xs®mC (1) *o* ru
1] )%y% 1%)

PRINT 229 (ECT)oCOCT Yo (IYoDIUIYsZUTI)oRULTI)oL () oPa(T)sLF(TI)eCD(])>
IMCUI)sl4id(I)oIs1=19K)

22 FURMAT (i1 91uElle&r310)
bu 18u J=1K
DIGu)=DI(J)/5WhT{1e+2(J))/120
180 CONT INUE

READ 169 HSeToXIRCNsXINCOICDT
16 FORMAT (5F6ev)

PRINT 299 HSeToXINCNoXINCSsCi T

29 FURSAT (* HO=™9sFbels™ T=*43F4419% XInCinvz=¥3F5,04% X1
INCS=%43FSevs ¥ CDl=%9F543)
W=6e2832/T
Wiz wWkw

READ 18s (UAP(I)s1=19KD)
18 FORMAT (1vFB8e-~)

READ 17s (DCRI(1)s [=]19K)
17 FORMAT (1vFbev)

READ 10» NN

NIT=v

4uUJ IF (NITeGLe6) GU T30 401v

NIT=NIT+1
DO 1lut [=1sNRB
DO 15v J=1+NCB

150 AllsJ)=ve

16U CONTINUE
DO 2vv J=1sK
IF (MiM(J)eEQel) GO TC 111
IF (MM(J)ebkiWe3) GU TU 113
IF (MM(J)ebEWeds) GU TU 114
CO TO 115

111 QlJ=Q(U)*w
GO TO 115

113 QEO=(J)/Ev ()
UWS=letwiHRWEUX%Q
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114

114

3y

400

5Ly

ECJ)=C(I)+Eul ) ¥wORubuR®2/unwo

(Jd)y=Q(J)y*w/Wnd

GO TO 115

FULzEv(J) i *24u(J) *%2
E(JY=E(JI+EVII)/EQS
WIJ)sEL (I ex2%Q(J) /EWS

AR=47854%D1 (J)*pI (U

AiR=4 7854%D1{J)}*DI(J)

AE{JYy=ArR ¥t (1))

AwlJ)=AR*u(J)

SP{J)=zsurl(g{I)/xuld))

WoPlJ)=w/oP(J)

wOPS=WSP(J) *%2

Loty=L(dr*(14+40U))

QELDYy=GLIN/ELD)

QES=QE{J) *#2

COP{J)=e848%COIJI*UAP L) 5w

COR(JI)I=26666T*DI(J) Fw¥DIN{V)*COT/AE(Y)

WEWN=QE(J)Y*CDOR{J ) ¥w

GA=ASPS-WEW

GAS=GA*GA
GB=CDR(J)*W+QE(J) ¥wSPS

GB5=GB*GB

GC=LQRT{IGAS+GBS)

GD=2e%¥(1etWES)

ALP(J)=5uxT{{GA+LC)/GD)
BET(J)==SuRT{{-GA+G()/GD)
ALPL=ALP( J}*¥LS(J)
BETL=BET(J)*L5{J)
SINH=(EXP(BETL)=EXP(-BETL) /2.

CUSH=(EXPILETLY+EXP(=BETL) )/ 2«
55(J)=>INCALPL)*S5INH

SCUIY=SINLALPL)Y*COSH

ColJ)=COSTALPL)Y %S INH

CCtJy=CUSLALPL)*CUSH
AEA{JY=AE( V) *ALP (J)

AEB(J)=AELU)Y*BET (D)

ACQA(J) =AUl J)¥ALP LY

AQBLJY=ACGLII*¥BFT ()

CONT INUL

DO 3uv [=19K

J=4Kk -3 b JJd=o+1

AlJded)y=5Cll) " AlJIesvd)=0C (1)

CONTINUE

DO 4iv 1=1sK

J=4%1-2 3 JJ=J-1

AlJeJI)=Co(1) > AlJJdesd)=—Col )

CONT INUE

IF (KDelLEev) GU TO 1v30

DO 5uv [=19KD

J=4%1-3 > JJd=u+2

Al(JeJdJ)=CCLI]) v AlJ+1leJdI+1)=CCH(])

CONT INUE

DO 6Lv I=19KD

JJ=a¥] > J=JJ=3

AlJryJJy=5o(1) SA(J+1sdd=1)="2o1])
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69u CONTINUE
DU Tuv [=19KbL
J=4 %141 " JJI=J=-2
AlJsdJd)y=—1, b Ald+1rvdr])="1,
7wy CONTINUE
DO 8uu I=1..D
Ja4ari-1] b RINEWED!
10=1+1
Aldsd=-2)=nuull)=-ALAL])
AlJsJd-1)= AEB(I)+AWAL])
AlJdsd Y=—roull)RiD
AlJdsJ+1)=—COPIT ¥
Aty Jd+2)=(AEALT+1)I=AwBII+1) )1 CCUTI+1 1+ (AEBUI+1)+AALTI+2) 3 ¥%¥SS(I+1)
Ao d+3)=(AFACT+1)=AwBII+1) oS50 1+1) (AL I+ )+AALTI+1) )1 *CCLI+1)
AlJ+1sJ-2)=~A(JeJ=1;
Ald+1l9d=-1)=A(Jsd=2)
AlJ+]19d y==Al(JsJ+])
AlJ+1rJ+]1)1=A(J9J)
AlJ+lsd+2)=LATBLIVIFACALIUN ALl Iv)+(Awpl Tuv)—ALARTTU)) RSSO TV)
AlJ+]sd+3)=(ALLUIU)+AGALLU) I Lol Tu) =LAl TU)—AEAL V) ) ®CC L V)
8.5 CONTINUF
IF (KDDelLieG) LU TU 1030
U0 Yue I=1lsKkbu
J=4¥] b iC=11+1
JL=J-1
Aldnsd+3)2lALLITVI+ACALTIV) )" Colfu)+ (AL (]I V) =~ALALTIV))®SCLTWV)
Al d+4) - AL (IVIHAWATIV) ) *LCLLu)—LAWE{ TU)~ALATTUY Y RCS(TU)
Al 43 = (CACACIV)+AWR IV )" o liv) " TAEBLIV)I+AWATTILY )Y *SC (T W)
Aided+4 )= (=ATA(TV)I+AE IV SCUTIUY+{ARBIIV)I+AwA LT V) ) *C3 (V)
G CONTIRUE
Iv3e 08 1.52 1=1eRRo
351)=00
ivde CunlINVUE
3(1)=HL/ 2
N=NRB
;-‘.:1
I51Z2E=38
JOIZE=NChH
CALL Invi{UAs ivepy wisut TLnmgioldesvoide)
Lh=4%K > K3=n4~1]
BIK&)=U, i 8(K3)=v,
C PRINT S0 (BUI)sl=1sK4)
5. FURMAT (12Eive2)
N=1
Li(l)=ve
D0 11uu I=1sK
W2K=Ue
u3K=Vo
Jo=v
IN =4 %] b gJu=Jdn-1
JI-JK-2 > JH=JK-3
Clz i td*oCi )+ 0IN)RCCU)+8 o) 2CO Ui =L lJu) =00l ])
C22c (JNXLCH I+ (I AL UL+l F5CLTIY =1 {J L) *Cs U]
JAIN  20GRTICLYC14C2¥%C2)
Avo=rTALL) R0 ])
ACC=A A% ])
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ASC=AEALT ) *¥OCH
ACO=AEALT ) ¥
BLO=AEB(IIRLO(
BLC=AEB3L 1) *5CI
BCC=AEB(I)Y*CC(])
BCOH=ALB(IY*COLT)
ChH=B{JILY*LALS=BCCI+0 I * LULDCHALH)IFO LI R (BSOS +ACCY+SEIIY R (BLOL™ALL)
C3=L IV RIACCHBOL Y+ LI A (s CO=ASCI+B LN Y (BCC~ALL) =B (o) ¥ (BoCHACD)
CH=C4-QE([)*C3
Co6=C3+4QE(1)1*C4
; . SIGHAINY=OURT(CHRCH+COH¥COH)
4 IF (MC(1)eEWal) GO 10 1210

XKINC=XINCN

GO TC 122~
121v XINC=AINCo

1
I
1)
@]

PR SRR

EXB=LXP{BLTX) < EXBN=EXP(—BETX)
OINHX=(EXU=EXBIN)/ 2

COOHX=(EXU+EX3N}/ 2

SOX=LINCALPX ) *S [NHX

SCX=5IN(ALPX) ¥ CUSHX

CS5X=CUS(ALPX)*SINHX

CCX=CUS{ALPX)*CUSHX

Cl=zo(J1)¥oCX +BUJKI¥CCA +0ldn)*¥CoX =BlIJ)r¥50A
C2=b(2J)#CCX  +BUIK)I#55X +B(VH)I*¥5CX ~plJ])I*CoA
UAIN) =5QRT(C1%C1+C2%C2)

ASS=ALP(])¥#55X

ACC=ALP(I)*CCKX

ASC=ALPI([)Y*SCX

ACOS=ALP{T)*COX

BSS=BETY[)*55X

BOT=BET(])*#5CX

BCC=BtT(I)#CCX

3CL=bET (1) *CSX

C3=B(JI)*(ACC+BSOI+B(UR) *(BCSTASCI+B (VHIFLBCCASS ) —B (Vv ) ¥ (BoCrACs)
Cu=u(JI1)®(ASS- BCC)+d(Jk)*(doC+ACo)+B(JH)*(LS$+ACC)+B(JJ)*(DC5 ASC)
C5=C4-QE(T1)*C3

C6=C3+QE(1)*C4

STGMAIN)=SURTICH¥CS5+COH*CO) *AEL T
uD={UAIN)"UALIN=1))/JA(N~])

JDS=UD*UD

JALD=UA(N=1 ) ®*JA(iN—=]1)

1220 XINCO=XINCH#(1e22(]))
IF (L{I)eLESXINC 3 (L Tu lluv

3 JO- IFIX(LET)/XINC)
3 DO 115C J=19JD
3 N=N+1
3 LT(N}=LT(n=1)+XINCS
o X=L5 ([ )=-XINCS*FLUAT (J)
> ALPX=ALP (1) *X
E BETX=BET(1)*X

R

"

o

53
3

PR

- U2K=U2X+JAS*XINCO* (1e+UD+UDL/ 36 )
] U3X=U3X4+UASHUA(NT1) EXTIHCS*(1e+1e5*UD+UDS+UDS*UD /44 )
] 1154 CONTINUE

3 1276 N=R+1
< NJD=N=JD=-1
E LTIN)=LSULI4LTINJID)
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VAL =0ur B (U}~ B3 lIn)+80d) ~50JJ))
JAFC L) =UATN)

CAPOL (T = (VAP (T ) ~JAPCLT) ) /7UAM L] )
C3=z=B(JIXALP(I)vul{Jdh)¥3LT(])
C4="BIJDIRBET(1I+B(JH)¥ALI (1)
C5=Ca4-QE(1) %3

C6=C3+QE(L)*C4

SIGHMAINY =oWwRT (CHRCHH+LO*CoI*ALI])
LINCR=LT ) =L (IN=1)
JO=(UA(N)"UAIN=1))/UAlin—1)
JUO=UD*UD

JAL=CAIN=-1)%UA(N-1)
d2X=UdX+UAb*L]NCK*(l.+dD+ULJ/J.)
U3X=USX+UAS*UANTL ) R INCR~ (1a+1e57UD+UDSH+UDS*UD /bW )
N=N+1

LTON)=LTIN=1)+LPi 1)

DCRC({ T )y=u3X/U2X

DCR D) ={uChClTI-DCRETIY ) Z70C( )

1lov CONTINUE

PRINT 269 (DCRCI) 9 DCRCUIIsDCnoll) s [=574K)

26 FORIAT (9L1345)

DU 2.5, I=1+K
DLRET)=DCRC L]

3uhe CONTINUE

DO 3.30 [=1sKV
JAP LT ) =(UAP (1 )+0APCUT) ) /72,
VAPLU(T)sUAP(T)/LAPC{I) -1

3530 CONTINULE

[aNaNe

ALLUNABLL LRKOK Fuit DCR fo 1o MEACENT

00 3u8UL I=1s
iF (AL&:)(U\.":)(I))O(JTnvol) OGv Tu 4uuu

o800 CUNTINUE

[aNaNa!

3090
H4oulo

8o FuncAT (114 s/ /775K LCH L) ™04 x s DA 21 F 94X o2 DCA(3 ) 94X 00N (4 ) 90X
12 ADCNL5) 94Xy "D 6> 94K s> DO T ) ¥ 94X 9 "DUN (8D ¥ 94Xy “DCNIG) * 94X s *0C 1N

B4 FwesAT {1ri ;////57,*UAV(1)*’AAv”dAV(2)“94A’*uhf(3)*94X’“UAV(Q)“94A
1.huAH(s)*’4X,AJAH(6)“,qxaAJAﬂ(7)“,4x,*uAr(8)*,4A,*uAV(9)*,4x,“uAr(

6v

Io

(YY)

ALLusASLE ERKOX FUR UAP IS5 ¢v PERCEIT

DG 30%v  I=19KD

e (ABL{UnPL(i))eblheve?) Lu v 4uue
CONTINULC

NH=li=-1

PRINT Bus (DCr{1)y I=19K)

11)%//701.F1842))
PRINT 849 (UAP({] ), [=198D)

11v)3/77(1Flue2))

PInT 6LesaenIT

FonelAT (Llav o//7/7777777 Tidls Lo Tiin nisucTy «I1Th VAR g T Fapw
TuEnC =k ksFteby - UnBen oF FTENATIUNE* o [ 277/ 779X s % AT s 12A s STum
1A% 9 14X XL 1% 9] XoR %)

P INT T (UALT) sSTIGEATTNsLT (I s Ty  [=1smHyiun)
FURMAT(3ELDebs 1)

CONTINUE
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NS T AT T Ty ALy LT T £
4 NAN REHER)

My ,‘mmm*m”m"«"" e g

AT S0
it i

oy

o 10 8 g A0

e

~

[aNa¥a

134 1r¢ {Invid=1Culyfn) lavs 26v,
Lo GLTERA==DLTERM

iS5« 00 ¢.. L=1sN

16. -ﬁAH:A(IKuﬁ;L)

17+ A(IKUW,L)=A(IKUh,L)

slhop

END

LDUBCUT INL Tivy (4
UIMLHLIUN IP]
PIvoT(1. )
LYUTVALENCE (fnuy

LA YEYL RY PN I N [V T Izt »YL /L)
Vu[(luu),AlibléL9Jbllt)’B(

Iv LDEFLK =], -

15 uu ¢u J=i.l
2v IPIVUI{Ug)=y
3v U0 LEL 1=i.N

SEARCH FOn PIVOT CLEMENT

44 Af“.Ax=vo‘/

45 DO Ivb J=,,.n

o IF FIFIVUTEd)-1)
6 DU Lve K=1ep

‘v IF (IPIVUT (n) 1) BUsluue 740
qu IF (Aﬁb(AWAX)”AUb(A(dah)))
85 IRDu=y

20 ICLLUM=L

buslubeny

Busluuslug

75 AAAAZA(Jrn)

leo JuRTInut

~h CONTINUE

11, lHquT(ICuLun}:lVIVuT(1CULUM)+1

Ll LCHARG "Wuad To rul Plyor Leleilned wiy DIALVANAL

ey

24 /"\‘ICULUH’L):;-"AH

245 IF Y)Y 260y 26., 21v

dlv DU 2950 L=l

22 ¢ &nAH:B(Inu"’L)

2730 U(]kUhoL)=d(1LuLUH’L)

25 . u(ICULvM9L)=QnAP

26. IND&X(I,1)=IRUW

2lv TNDEAL s ) =]CUL UM

31. PI«uT(I)=ﬂllcuLUno1CuLuMJ
32 DETERH:D&I{RH*PIVUT(I)

DIVIDE PIvoT wun BY PIVUL fuleical

33, A(lLuLud,l(uLLd)=1-u

340
320 ALICSLums ) 2ACTCOlUms Ly sk vt (]
355 IFUM) 384936036

36
37. BUICULJrigw)=p

Lu su. LaisN

DO 57. L=1+4%
(ICULUmyL)/VIVUTfl)

KEVULL tua=F VLT wows

LA YRS,

IblZL,N)9IWDEX(lOJr5),

,J“Uw)9(ICULUW9JCVLU”)’(ANAX’),bhAH

)

sé’
2
3
kY]
2
&
3
2
k)
E
2%
=
|
§
3
=2
#
Bt
3
:%
Ly
%
3
3
4
k)
E
2
E
§
=
F
b
%
=
3
3
g
3
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38 LU LY LI 19N

st THILI=TCULUMYauL s HYH U su L
4uu T=ntL1ys[CULUM) i
472« A(LI9ICOLUM)=C evu

4340 DO Ahy LalsN

e ATLT Ly -ALLIsL )y =AU v iisl )~ 1
455 JE(MYSS e 00460

46 DO Hou L=1lsid
bou BUsl)=so(ulsb ) =B OICUlUmisn ) &

950 CUNTIRLE g

C :
C INTORCHANG CULUMNG
C

% 6w DO T1. l=19eN

E 61V L=N+1-]

i b, TFUINDEX{Lsl)—InDEX(Ls2))ususllusnoy

= 63 JRUN=INDEAVL])

5 64u JCULUM=TNDEX(L 2}

g 650 DU Tu5 K=1lsN

66v LaAP=A(KyJRLW)
OTv AlRsJiRUN)=A(KsJCULLUM)
7L ALKy JCLLUm)=54AF
15 CUNTINUE
71v CUNIINUE
T4v RETURN
b

AR

AR

EAACPLE  UF DATA  [NPUI

1

3
: 2udbuuove Je LI VIVIVIVINY 30 lev eluty e <o “teD e/ J
e 3G247,{ 1 Ce 4.0C0u0e 00ODLe lev  GQYVY le G “tel oc 0
E: 32400, e Gl Uue 2lue leu NN e
1110 ‘JUZ l "':’o l"",';- :30\.13
4e938 ¢33
o't 4461 20
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g
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APPENDIX E. Program DYNRAN
34 k.1 Purpose

§3 To obtain the dynamic mooring mooring line tension under random waves.

v i
13 £.2 Program Logic

t, Same as DYNSIN excep* the corrected damping coefficients are calculated

from (24) and (25). :
10 ?g
§ .3 Notations 3
g () Input ;
‘j Same as in Appendix D, plus §
3 ;
3 F Frequency, in cycles/sec.

KW Number of frequencies considered

NSPEC Wave spectrum code:

NSPEC = 1 for Pierson and Moskowitz's spectrum

‘8]

NSPEC = 2 for Scott's spectrum

. | ' (B) Output

‘. UA Displacement amplitude under unit Sine wave excitation

U. USPEC (UA)2°Shh(f)~Af; Shh(f) is the buoy motion spectrum ,g
; EBSILO Strain amplitude under unit Sine wave excitation %j;
: ESPEC (EBSILO)2 S, (£) f ;
\'; SIGMA TForce amplitude under unit Sine wave excitation %

7' TSPEC (SIGMA)?2 s, (£) AF %
2 3

: ‘ LT Mooring line position from the buoy g;
:: UVAR.  Variance of the displacement cuz; in (1bs.)? §
1 EVAR Variance of the strain 052 %:
; TVAR Variance of the dynamic force ctz; in (1bs.)? E%
5 3
TM2 J of Se(w)ds S (w) is the force spectrum %§
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. .
i M4 Jow Stt(w)d ¢

TEB The band width incdicator

I Position index

9 L

E VSAR J oy dX; V is the velocity

8 o

L

- VTAR J o, dax.

E:: °

DCRC Corrected linearization factor of the mooring rope
“ UAPC Corrected linearization factor of the package.
E DCRD  DCRD = DCRC/DCR - 1

4 UAPD  UAPD = UAPC/UAP - 1

DCRS  DCRS

E UAPS  UAPS

«
[l g P Ll g

A ) 3
.' E.4 Remarks %
E (1), (2), {(3), and (4) same as in Appendix D, é
(5) If the linearization factors do not converge to the acceptable g
values in six iterations, the operation passes to another case. E
3 3
= <y s . &
3 (6, The frequency may be arbitrarily spaced. E
i 3
:
; E.5 Program Listing z
A 3
& 3:
-3 #
P 3
3 3
3 3
4 3
5 3
! i
i3 3
k- 3
; :
= E
3 -66- 3
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Pikuuinim, Ui Loy TevyTrul s fnke 5= liekul s 1APCOSVUTPUT )
DIl STont AC38938) 9 110)eDT LIV anu(10) LT sPI1{10) oM (10}
IAFCTL Y l50T0) 050 {10 o0 HlTuYsCClIU kiU onSPLTuYsZ10)sF (20T L6
1)1 2AL6I ) TTU) s Bi4w) o LIGMALEYY 9L (10)1 oL (10)salTUu)sCDULIN)2ALFLLD
119PF Tl oud{lo)sdF(luysATALL Y s ARBLIUY s AWALLIU) sAWB{1G)<CAP(1u)
JAGLE ) e Do) el ORI Lu)sUAFCLL L, DCH{1UYsEuriLYy s LDV oV
1EC((;U)9VV'\'\‘()v)1-.~A'.>(2-J)9U/\"i)(]u)9L¥C'\C(1'u)’DC“[,‘(10)9V1>A‘\(1U)9V1A"{1
T snECTUIan [ LTIUIs TP ClOUYsLLrEClOU sEBSTLULGU) sESFECIOG) suvAnILY)
ToEVARIE , Y s TUARKTEL ) 9 T2 Cu Yo T4 {6HuY s TEB(6C)
AL Lol loel DollnCixatlirylH
121 FORMAT (1012669110}
PEAD 17 oMLK 7.
1. FORMAT (2141
DY &y € =1y hls
NEAD 1290 (TrsrutI)ewlIyoLilyoI ) sl )onulIyoret)yste(l)sCOl] 0
. 1CCI M) I=1si0)
12 FOURKAT {3F 1 ;eueslFbeusdlh)
‘ PiLINT 32
| 0 Fone AT EIHI 93X e ¥E (1) A 97X E0LT )™ 96X o F Wl )X 7Xo*DILI)¥96Ks¥Z(11 757X
TRRUET YR g As LU T )% a7 Xaxkri( [ ) 96XoFLZ ()2 96Xy ™ CDIII*s3X s *eiC{]) *9™ v
1il)*sx [#)
FXTiT 2290001 E0LT suw{ T)oDI (I e Z I eu{l o lIYs®ii(TYsiP{]1)sCO(])>
1-ClI)aiiil I Yol ol=z1si)
22 TORSAE (1 1 .01 1ed4219)

B

23
'3
3
&
=
%
£
N

] 50 las  J=1s%
s DI(2)=DILVI/0ekI Y o421J) )/ 126
. 180 CONT R M
o vze=-1 i ¥DD=r-=?
vy NRAs4YY =2
AR NG ERTH
"3 AEAD 5 Kn
- § FORIAT (141
- WEAD 1as (FlIlselz=1aaa)

3 14 FORAAT (2vFhev)
' READ 169 5 XTRCus X InT5sCHTansrEC
16 FONAT {4V Geva 1l
PIIIT 209 HO s KINChia X T OO (3T snSPEC
20 Fu ATH(R HoT % eF Leld s ® XIC =% 3Fbela® XInCS=%9F0elo™
1 CDT=¥4Fbe2e¥ NSPEC=%4512)
REAU 18y UAPLT) s I=1sK0)
. 18 FOIWHEMAT (1<FRqe: )
! READ 17s (BCRITYs  121+K)
17 FORYAT (1vFbe )
PRIMT 2T
27 FORCAT (% NCRITY el 1 Ty » 14)
PRINT 37y (DCHIT)s 1=19K)
PRINT 28440
28 FURMAT (% uArll) Froe 1 Tu 2y 14)
Pl 379 (GAe (1) 1=2198D)
27 FORMAT i1vFR12e41)
5173 I1=1e+60
JVARIIY="e
TVAR{I Y =0Co
IVAR(1)=ve
T=2011= .
Ivg{lY=ve
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163 CONITINUE

4

126

127
128
134

2y

93

154
1'/‘/

113

1a

IF (NSPTCekva2) GO TO 94
IF (HOaGEe2%e) HS=le  27H(HO+H el ) H%D
DFC=ue

Kan=Kw-~1

DO 128 In=1eXww
DFA=SFUIKI+F(IK+1}
DF=DFAZZe=DFC

DFC=DFC+DF

W=F (IK)*642832

wH=wxy,

DU=DF%6,283?2

IF (NOPECSFCL2?) GO TO 126

UAT=(40U53885/F (TK) XX ) REXP(—qu2132/HS%*2/F (In) x%4)

UASTIKy=UA T #DE

GO TC¢ 128
Wwizle/{iLev3¥H5414635)
WadzA=-w(+e 26

[F(elFalve) GO TO 127
WE=SURT (AN =04261%%2/0 4065/ ai)
UAT =t g 214 *FHL*HSREXP (—wE)
UASTIK)Y=UATEDW

GO i) 128

UAL(IKI=ve

CONTINUE

PRINT 1349 (F(J)sUBD(J)sJId=1sRua)
FORMAT (2F1444)

NIT=¢

NKK="

NO 93 i=ls6v

VVARLT Y=L

CONT INUE

DO 2 v JK=leKnu
A=F{IK)®*#6.2832

wWhzuiy

PO 1.... I=19eNRAH

PO 150 J=laNCR

AllsJ)=w,
CONT INUF

DU 2w J=lsK

IF (MM(J)elinei) Gu Tu 111
IF (MA{J)eEWe3) GLU TL 112
IF (NN{J)e[F0e4 GO TC 114
GO T 115
DU =G(J)*y
30 1O 115

JEU=LlJ)Yy/tuil)
f((60z2] e 4o WwEURRD
LN zElJ)+Euld *aSkubuRiZ/uny
DldY=uldIR/und
GO0 TO 115
FAS=EG ()% %3 () %%
CUANI=E(II+ECLIV /TGS

UV =F . (JYy¥%2x0(y, /ELD
AR= o 7554201 L J)y* 1L
AELUYy=AR  ¥E())
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AVQLJ)=AREG ()

SP{Jy=ox (E(JdY/nu(9))

whHbP{Jy=ad/obkL0)

WHPH=wsPR{J) k%)

LH(J)=L(J)K(10+A(J))

SE0Yy=Q00Y /1 (0

QCo=WE(J)#¥K2

COPLUYzuRCD LY CAPLY)

CORUJY=2,8284%D1Jy*LCRE)*¥CDI/AL(Y)

Ew=wE LN FCPK(J) ¥

GhL=wSPS-QF d

GAS=GA¥GA

GHR=CDRII ¥ a+WE(J) % &SPL

035=0R%G8

GC=uuRT{GnO+GLL)

GDz2e%(]1e+QLS)

ALP(J)=ounT({GA+CC) 70D
BSET(J)=—0wKT{ABHS{~GA+0GC) /G
ALPL=ALP(U)Y2LS(J)

BETL=BET ()AL S J)
SINH=ATXPLECTLY-EXP(-BETL)) /2.
COSHS(EXPIEFTLYI+EXP(—RETL) )/ 2
2o JY=LINCALPL)Y 2L TN

> (Jy=5S5TmtALPL )Y ¥Cusi
CHlI)=CLOLIALPLYELITIIH
CClhy=CuLALPLYECUSH
AFALIY=AF LUy *ALP(J)
AER(J)=ACl )y RRFT ()

AQA LI =AU #ALP ()

AGRUI) =AQLNYERFT L)

CONT INUT

DI 3vv I=19K

J=4 ¥ 1-13 L JJd=J+1]

Al Jed)=1CL 1) o Aludevur=oCl])

. COMTINUE

DD 4 « I=19¥
Jza%i=2 3 JJ=J-1
AlJsdN)-Cot D) » AlIdsU)==Col])

. COMYINUE

IF ~Dellev) cu 10 Yoy

DD 5 o I=1e%e

J=gf%]=2 v JJd=J+2

AlJsJdy=cCLT) : Ald+leddsly=CCll)
CONT INUTE

DD 6. 1=19KD

JI=4Kk] » J=JJ-13

AlJdesddy=0oll) JALI+Tvud-iY="00( 1)
CONT INULE

Do 74 1=1+<D

J=g%l+1 > JJd=Jd=-2

Aldediy=—1, b AlJ+ledd+]l1="1,
COMTINUF

D90 fu I=lerD

J=4%1-1 > JN=J+1]

10=1+1

AlJeJ=21= w1 )-ATALT)
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AlJed=1)= AFBLIY+AWALT)

AJded =-PAlL L)Y RS

AlJesJe1)=—CDP(]) %W

AL a2 = (AFALT+1)=ARITH1I) CCUTRI) HIAEBLTI#I)I+FAWALT+1))*SS{T+])
AldeJ+3) s lAFA(T+ 1) =AW T+ 1)L T+1)~(AEB(T+1)+AQALT+1))1*CCLTI+])
AlJ+19J=2)="A(JsJ~1)

AlJ+]lsJ-11=2A1J9J=2)

Ald+lsd  N1==AlJsJ+1)

AlJ+leJ+1)=A(JsJ)
ACJ+1=d42)=AERTTUY#AALTW) ) CCUTv e CAWRTTU)=AEATTUL) ) ®SS(TV)
AlJ+T19Jd43)= (A" 2LIU) +AWATTUY I ROSLTU; = (AU TUY=AEATTU) ) ®*CCLTUL)

; CONTINUE

IF (KDDeLlFe0) COU TU 103v

DO Fiu I=1sKND

J=4¥*] b lu=1+1

JK=J-1

A(JinyJ )= (AL (TUI+AVAL V) )" Cul v+ lAvwD (Tv)—AEALL V) ) R L TWV)
AlIn g J+4) = (AERITUY+AWATTVII*SCLTVY=TAWB{JU)—AEA(TuU) )} *Co(Twv)
AlJsd+3)=(=AFA(TOY+AWB{TUNI*Coliu)~(ARB(TUY+AWALTU) Y #oC(TW)
A(Jdsd+a4) = (=AFA(TUI+AGBLIIV) ) ASCLIOYHLAEBITUY+AGALTU) ) FCS(TV)

. CONTINUE

CONTINUE

DO 1w50  1=19NRB

d‘1)=do

CONT INUE

3(1)=1,

N=NRB

=1

1514F=38
JoidE=NCH
CALL InNVIKIAY ingde wtoDETLNms [ olcesvolet)
K&4G=4%K v K3=K4=-1
3(K4)=0C, d 3(K3)=ue
PRINT 5,y (B8(I1)sI=1914)
FORMAT (12E1v.?2)
M=1
LI(1)=LO
NS 1146 I=1,K
KItIy=h
JO=-
Ji=6%] > JJI=Jdn-]
JI=JdK~2 3 JH=JX-3
A1z (JIRSCUII+3 I #Ccl D +3ldn) ®¥ 051 ) =BlJJ)*55(])
Co2=8(JINXCTUTI I+ (JIKIHLL U +3(JA) *SCUT)-BIJII*CS(])
JATNY=SORTICIRCI+C2%C2)
VOPFCIN) =S UA () ¥ ¥ xypaS(In)
YVARGH) =VYARTN)Y+VLPECINY
IF (NKKoEweU) GUL TU 180
CUPLOINI=UA(RNY R¥DXAL ([ K)
VA IN) =UVARINI+USPECIN)
ALLG=AFALT)*L5(T)
ACC=ALALT) L]
ABC=ARA(TIRSCOT)
ACL=ALALLYECH])
NLL=AFR(IYRLLIT)
HoC=AER(TI*5CLT)
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1216
1224
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Az
R
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43
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N
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LR

BCC=AEB(TIIRCCL(T)

HCosAERB(T)NCHLT)
ChHz(JIYHUIALH=RCCYI+B IR Y2 L LCHACHYHBIIHI* (ROLOSIACCI+BIIINY X (BCH™ALL)
CATR(ITIRLACCHRLOI+BE IR M IBCS=ASCI+BII N M LBCC~ASO)Y =RBUJINY R {BLCHALH)
CH=CH-QF (1) %(H

CE=CH+QF 1 )Y¥CH

FBOILUINY=20uREIC3*C3+CaxCy) /AL(T)
FOPICINY-LBLILCn)®EE2XYUAL ([ )

EVARIN) =EVARINY +ESPEC ()
SIGIHAIN) = URTICS*C5+CH*CH)
THSPECINY =L IGHAIN) ¥%2¥AS{IN)
TVAR(N)=TVARK LN )+ TSPECIN)
TM2IN)=TH2IN)+TSPECIN)#*#WS

T (N)Y=Tob {NY+TSHPECIv) ¥ 58 ys

PRINT 131sALFP(T)sBETUI) sX9C39C49CHO2COsAE(T) sl T )aSTIGH A v g1y
IF (MC(I)efUusl)y GO TU 1210

XINC=XTNCH

GO TO 1272v

XINC:XINCJ

XINCS=XINC%(1e4+2(1))

IF (L{[)elEeXINC ) GO TU 12uv
JO=TFIX(LIL)Y/7XINC)

DO 115%v JU=19Jv

N=N+1

LT(n)=LT{in=1)+XINCS

X=LH(I)=XIRCS5%2FLUAT (J)

ALPX=ALP (1) %X

RETX=AFT(1)*X

EXB=F¥XP(BLTX) 2 EXRAN=FXPI=BETX)
SINHX=(EXo—FXBNY/ 2.

COSHX=(EXO+EX3IN)/ 2

5HX=SINCALP Xy #S TiiHX

OCX=5IN(ALPX)*CUuSHX

CoX=Cuo(ALPX) £S5 iviX

CCX=COS(ALPX)Y#CUSHX

Cl=R(JI)%¥5CX +3(JK)Y*CCAr  +8LUH)Y=CHX  =KBlJJ)®>0A
C2=C(JJY2CCX  +BUJK)*SS5X +p(VH)Y*5CX -BlJI)*CoX
UAINY=SURT(CIRCL+C2%C2)
VOPECINY zwo®UA L) %% 2FAS (X))
VVAR{WN) =VVAR (1)} +VSPECliv)

IF (NKKefLWeU) Gu Tu 115v

YSPECIN)=vAlW) RXD2*GAG([K)
UVAR(N)Y=UVARIKN) +USPEC )

ALS=ALP{ ) *¥55X

ACC=ALP(I)Y®*ZCX

ALC=ALP(1)%S5Cx

ACO=ALP{1)%COX

BLO=BET(1)%554

B3>C=8ETLI)I*95CX

ACC=BET(1)#CCX

RCS=BETL 1Y *CLK
C3=u(JIYRLACC+0S5 1 +BlIN)Y “(GCHTASCY+JH) X I BCC—ALSYI-BIIJ) R IBOCH+ACL)
Ca=v{JIN®¥{ASS—LCUI+u (JK)IRLS5C+ACS )+ {un) ¥ {u50+ALC)+0(JJ) ¥ {pLo—ALL)
C5=C4~-QfF 11 %73

C6=C34QE (1 #%Cu

EBZTLOMNI=SURIIC3*C3+CH%CY)
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I HRPECIN) =LOSTLOUIN)YFRZ2RGALCIN)
CVARKIR)=EVAR{N)Y #LSPELC N}
HIGAAIN)=LURT(CHECH+CHRCLIXAT(])
FTSPECINY=OLIGHMA (V) R¥DRUAG TN
[VAR(HY=TVARK{R)Y+TSPPCIN)
TP (N)=THAZIN)+THVECIN)}F 4G
Ty (Y =TGN +THPECIN) R4 L* wWo
c PIITNT 131sALP(TI)sBETIT) sXsCo9(49CO9sCOSALLT ) owE(T)sSIGHALIN) 919
115 CONTINUE
1209 N=N+1
KE(D)=N

~

MNJID=N-JD~1
3 LT(RY=L3(IY+LT(NJID)
E UAR)=LORTIR(JKY (B JNyinlJd)y*pldJ))
E VOPEC Ny =vuoRUA(N) R*2FLAS (IR
B VVAKTEIN) =VVARIWN) FVSPEC (iv)
3 IF (nKKeFweu) LU TU 181w
E o ECINY=UANY X2 FIASTIN)
3 UVAR(N)=UVAR( ) +L5PEC LY
3 C3=BJTI*ALP L) +B (JH)*BET (1)

3 Ca==-3(JI)RBCT(L)+B(JH)*¥ALP(])

2 C==C4-QFE(1)*C3
C6=C3+QE(1)*%#Cy
ESOILOMNY=SGRT(C3%C3+4L4%C4)
EOoPECINY=LBSILUG)REZ2#FJAL(]IN)
SVAI(N)=EVARIN)+E5PECTN)
SIGAAINY=0UKTICOHXCS+CH*¥COY*AL (T)
TOPECINY=LTGHA (V) ¥R 2FYAS(IN)
TVARIN)=TVARIN)+TSPECINY
T2 (NY=TI2INY+TOLPFClLiNY ® w3
TAL (Y =TAG (R)+TOLPECIN)YFabh o

3 C FRINT LolsALP T ) sRETUI )Y 9X9C39C4sCOsCOSALIT ) oaE( L)oo IGrALN) g1v

1681 N=N+1
LT(N)Y=LT(n=1)4LF (]}

11 CONTINUF
IF (KK aFveu) GO TO 182v

41y Nuz=M=]
PRINT f-.9 FLIK)
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e
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g Ouw FURKGAT e 9//7/777/77% THlo 1o P4k KELULlS w]lH DAmP InG AT Fonga

E 1ue s CY=*oFeeb/// /779X “UA™ 910K UOPLCH* s JOX9s ¥ Eoolev® 99X s ¥LSFEL 910X ™

- 1oIGrAR s JUK s ¥T HPECH 9 12A9 %L1 %5 3K % ™) :
il 70 (JATI)sUSPECHT ) s Dot IV s ESPECI I 90 1OMA(T) o TSPECIT)sL T E
3 11 s1se T=1seNH) 2
3 745 FORUATITELSs4s11v) e
= 1872 . ¥EKk=xXF(«x) 3
e r FRINT 1359 (UALJ)aVOPECIVYIavvAR{JYeLT(uv)s uz=]19enEN) g
E: 135 FORMATIAEL4e4) E
3 2 .. CONTINUE 3
3 ' PRINT 132 (vvAX{Jd)sy LT{(V)y JzlexfER) 3
2 132 FORFAT (cFiGed) :
= c FRQINT 1339 (KT1(J)eKE(J)s  J=1lon) E
3 173 FORNAT (2114) §
E IF ("IKKeE~el) GO TC 188 3
3 A0 210 1=1900H E
3 TeivazTVARCII®T 24 (1) 3
?{ TM22=Ti2 (FY¥TH201) E
: i
3 ~72- 3




SRR S B AR e s e R B T A AT v R S R X I T A b O AP R R TR S M R AR R,

1Es - AGa=10A402)7 1o g

TR ) =50RTTER
2016 COMTINUE

PR Mo

9 ianl (Tl e UV an Sk B VAN RgR VAR hE

1% [ri? Ky K li1g Ay kt TEB*915Xs%* %)

PioTthel 830 lLVARNTTIsEVARCI) s TVANTI)Y o120 ) o beta (1Yo TEBUTIY sl 131 emil)
22 Al (GL1%edsllL)
l"f‘f \Jl’\;)'1=‘/.

(R .=.4

~ ‘J/\D(()=].
Ny 2l =19
=¥ 1(1)

* JJ=t E(])
Jr=JJ-1

YTIAR(T )=V
VLARIT ) =we
CAPC( ) = bk TIVYAR(JYY )
JAPD(1y=uAPRPC(TI )/ AP ) =1
GAPD(K)Y="e
D0 2030 I JK
5 CLT=LT+1)=1 T(Y)
= YoAR () =VoARIT Y +vVan(J)y %L T
VIAK(I)=sVIAR{])+VVARIJ) 2% H7pu]
I PRIGT 1269 VYYAR(I) S VLAR(T ) sV ian{i)spL]
136 FORMAT (47 1464)
242 Ol 1 hiuE
NEROACTY=VIARITYV/ZVOLARTT)
NERD(IY-DCRATIYI/CCRI1)Y =T W
JAP GUAP L+JAPD (] ) X% 2
DCRL=DCRLEDCRAD(T)EL2
2.4 DOVITINUE
PRINT 855 DCKLIUARDS
58 FudeiAT (1 o> DCRo=*sk 124409 UAFO=% oL 12e4///3Xs¥VOAR( ) 9bae>y
TTAC IR X ¥ DNCRD I ) ¥ a8 X s UAF I L) * s SX s *DCRCU I ) F 9 BX s XUAFCIT ) * 95Xy *02(C
JR{UT)HE 48X s sUAP [T ) %y ¥ [%)
PAINRT 5Hs (VLA (T Yo VIARNT L) «DOCoD D) odAPD T ) s SUNRCUT Y s LAPCITI Y sDCN(T) 90
AP (T)e 1l I=1+4)
A6 FOURFATIA%12e4915%)
I (NKfeTwal) GO TU HUlv
HIT=NIT+1
DD 65 Il
NCRLTY=DARALT])
. AP T )=APC(T)

L6 COLTINLLE

r AtLualnil . Frnoit, Foun DONG AU JAFS At L a0 <R

TRIR= L g 251 LIUATI(N)
Ir DR s sTalith ) G 1o o
IF (UAPS LT oF1¢i7) G Tu 50 uv
£7 I8 (NITehFeb) Cu Tu 670V
= G() Tf‘l 2:'/1
E 50700 ME(C=]
GO :‘J 2«’\11
6 ...+ CONTINUE
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1IPIVGT(1uy)

1

12 DETERA=]14v
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